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[57] ABSTRACT

The in vivo oxidation of lipids and lipid-containing mol-
ecules has been discovered to be initiated by the concurrent
reaction of such lipid materials with reducing sugars such as
glucose, advanced glycosylation endproducts such as AGE-
peptides, or a compound which forms advanced glycosyla-
tion endproducts, to form materials or particles known as
AGE-lipids. AGE-lipids have been implicated in the aging
process, the abnormal formation of lipofuscin and in various
disease states such as diabetes and atherosclerosis. Diagnos-
tic methods are contemplated, extending in utility from the
detection of the onset and course of conditions in which
variations in lipid oxidation. AGE-lipid levels, LDL levels,
apolipoprotein levels, apolipoprotein receptor binding the
like, may be measured. to drug discovery assays. Corre-
sponding methods of treatment and pharmaceutical compo-
sitions are disclosed that are based on an active ingredient or
ingredients that demonstrates the ability to modulate the
levels of all of the foregoing markers of lipid oxidation. A
further aspect of the invention relates to the treatment of
stroke and related maladies. especially to the inhibition of
infarct size of stroke. and to agents and compositions that are
prepared for such purposes.

3 Claims, 19 Drawing Sheets
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METHODS AND MATERIALS FOR THE
DIAGNOSIS AND TREATMENT OF
CONDITIONS SUCH AS STROKE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is a Continuation-In-Part of appli-
cation Ser. No. 08/319.747, filed Oct. 7, 1994, and a
Continuation-In-Part of application Ser. No. 08/236.228.
filed Apr. 29, 1994 (now U.S. Pat. No. 5.468.777); said Ser.
No. (8/236.228 being a Continuation-In-Part of U.S. appli-
cation Ser. No. (7/825.598. filed Jan. 27, 1992, now U.S.
Pat. No. 5.334.617, which is a Continuation-In-Part of
application Ser. No. (07/805.200. filed Dec. 10. 1991, now
U.S. Pat. No. 5.238.968; which is a Division of application
Ser. No. (07/481.869, filed Feb. 20, 1990. now U.S. Pat. No.
5.128.360; which is a Continuation-In-Part of application
Ser. No. 220,504, filed Jul. 18. 1988. now abandoned; which
1s a Division of application Ser. No. 798,032. filed Nov. 14,
1985. now U.S. Pat. No. 4,758,583, which is a Continuation-
In-Part of application Ser. No. 590.820, filed Mar. 19. 1984.
now U.S. Pat. No. 4.665,192; and said Ser. No. 08/319.747
being a Continuation-In-Part of application Ser. No. 08/029.
417, filed Mar. 11, 1993, which is in turn, a Continuation-
In-Part of application Ser. No. (7/887.279, filed May 21.
1992 (abandoned). both by certain of the inventors herein.
Priority is claimed under 35 U.S.C. §120 as to the earlier
filed applications, and the disclosures thereof are incorpo-
rated herein by reference.

This invention was made with partial assistance from
grant Nos. AGO-9453, AGO-6943 and DK 19655-15 from
the National Institutes of Health. The government may have
certain rights in this invention.,

RELATED PUBLICATIONS

The Applicants are co-authors of the following articles
directed to the subject matter of the present invention:
Bucala. R.. et al., (1993) “Lipid Advanced Glycosylation:
Pathway for Lipid Oxidation In Vivo, PN.A.S. USA.
90:6434—6438.

TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to the non-
enzymatic glycosylation of proteins and other biomolecules
and the often consequent formation of advanced glycosyla-
tion endproducts (AGEs), and particularly to the formation
of lipid-AGEs and the role that glycosylated lipids and
lipoproteins may play as markers and actors in conditions
such as atherosclerosis and diabetes. The instant invention
also relates particularly to the treatment of stroke. and the
reduction of size and severity of the infarct size resultant
therefrom.

BACKGROUND OF THE INVENTION

Glucose and other reducing sugars attach non-
enzymatically to the amino groups of proteins in a
concentration-dependent manner. Over time. these initial
Amador adducts undergo further rearrangements, dehydra-
tions and cross-linking with other proteins to accumulate as
a family of complex structures which are referred to as
Advanced Glycosylation Endproducts (AGEs). Beginning
with the early work of the present applicants and extending
to the present, substantial progress has been made toward the
elucidation of the role and clinical significance of advanced
glycosylation endproducts. so that it is now acknowledged
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that many of the conditions heretofore attributed to the aging
process or to the pathological effects of diseases such as
diabetes. are attributable at least in part to the formation of
AGEs in vivo.

Advanced glycosylation tends to occur on molecules with
long half-lives. under conditions of relatively high sugar
concentration, such as in diabetes mellitus. Numerous stud-
les have suggested that AGEs play an important role in the
structural and functional alteration which occurs during
aging and in chronic disease. Additionally, advanced glyco-
sylation endproducts are noted to form more rapidly in
diabetic and other diseased tissue than in normal tissue.

A particular area that has received attention in light of the
series of discoveries regarding the relationship of advanced
glycosylation of proteins to the etiology of conditions such
as diabetes and aging. has been the set of events that
coincide in the development of vascular disease.

Specifically, the formation of atherosclerotic lesions and
plaques is an example of a condition that has been exten-
sively investigated with a view to elucidating the
interrelationship, if any. that exists between the oxidation of
low density lipoproteins (LDL) and the presence and for-
mation of AGEs.

In this connection. research connected with the phenom-
enon of protein glycosylation has been extended in scope to
a broad variety of biological molecules in an effort to first
identify the existence of AGE formation in these diverse
compartments, and thereafter, to determine the significance,
it any, that may be attributable thereto. It is in this context
that the discovery of a reaction of this type involving lipids
as defined later on herein (e.g.. the formation of AGE-
lipids), was initially presented in parent application Ser. No.
07/887.279. referred to hereinabove and incorporated
herein.

The formation and existence of AGE-lipids was postu-
lated and observed in the said parent application, and the
significance of these materials as markers and actors in the
conditions already associated with the presence of AGEs.
was likewise noted. As stated therein, AGE-lipids are impor-
tant biologically. The formation of AGEs on lipids has been
observed to begin the lipid oxidation process and thus may
render these species more active biclogically and
chemically, and in particular, more prone to deposition on
the interior of blood vessels. It is therefore believed that
AGE-lipids may be involved to varying degrees in
atherosclerosis. stroke and other vascular disease.

For instance, oxidation of the lipid component of low-
density lipoprotein (LDL) results in the loss of the recog-
nition of the apo B component by cellular I.DL receptors,
and in the preferential uptake of oxidized-LDL(ox-LDL) by
macrophage “scavenger” receptors. The enhanced endocy-
tosis of ox-LDL by vascular wall macrophages transforms
them into lipid-laden foam cells that characterize early
atherosclerotic Iesions.

The “family” of AGEs includes species which can be
isolated and characterized by chemical structure; some being
quite stable, while others are unstable or reactive. AGE-
lipids may also be stable, unstable or reactive.

When used with reference to endogenous lipids, AGE-
lipid compounds are typically formed non-enzymatically in
vivo. However, AGE-lipid compounds can also be produced
in vitro by, e.g., incubating a mixture of a reducing sugar and
a suitable lipid, e.g., a lipid bearing an amino group, or by
other methods in vitro. such as chemical coupling of AGEs
and AGE models to biological macromolecules.

The reaction between reducing sugars and the reactive
groups of lipids may initiate the advanced glycosylation
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process. This process typically begins with a reversible
reaction between the reducing sugar and the reactive group
to form a Schiff base. which proceeds to form a covalently-
bonded Amadori rearrangement product. Once formed. the
Amadori product undergoes further rearrangement to pro-
duce the AGE-modified compound.

Although these reactions occur slowly, lipids may accu-
mulate a measurable amount of AGEs in vivo. The resulting
AGE-lipids may reduce the structural and/or functional
integrity of organs and organ parts, modify the metabolism.
or otherwise reduce or impair host function.

As stated in Parent application Ser. No. (7/887.279 filed
May 21, 1992 (abandoned). the formation of AGE-lipids is
believed to presage atherogenesis and to induce fatty acid
oxidation. Correspondingly, it was disclosed that
aminoguanidine. an established inhibitor of protein
advanced glycosylation also inhibits AGE-lipid formation.

The parent application also disclosed that aminoguanidine
reacts directly with malonyl dialdehyde (MDA)-like fatty
acid oxidation products. to inhibit the role that they play in
continued atherogenesis. This finding was further confirmed
in Picard et al. (1992) Proc. Natl. Acad. Sci. USA,
89:6876—-6880, published in August, 1992, and after the
filing date of the said parent application. Picard et al. focused
their study on the reaction between MDA and apolipoprotein
B (apo B). a protein component of LDL, and performed
experiments to determine the ability of aminoguanidine to
bind preferentially to MDA to prevent its conjugation to apo
B. To establish the environment for these experiments, the
authors induced lipid peroxidation by incubation with endot-
helial cells or with Cu®”. The Picard et al. experiments were
cumulative with experiments presented earlier by applicants
with respect to this specific mechanism of aminoguanidine
action. but are limited by the specific in vitro environment
chosen, as the physiological oxidation of lipids to form the
reactive aldehydes to which aminoguanidine is confirmed to
bind in the context of the present invention, will not occur
by the means utilized in the article.

More particularly. in vitro studies suggest that the oxida-
tive modification of lipids proceeds via free radical-
mediated oxidation of unsaturated bonds that are present
within fatty acid residues (12, 13). Polyunsaturated fatty
acids are particularly sensitive to oxidation because meth-
ylene hydrogens located between paired double bonds are
easily abstracted by radical-catalyzed reactions. Diene con-
jugation occurs and hydroperoxides form. This is followed
by fatty acid decomposition, the formation of reactive
aldehydes, and in the case of LDL., the covalent modification

of apoprotein residues (12, 14, 15).

The biochemical processes that initiate lipid oxidation in
vivo remain poorly understood. Triplet oxygen is a poor
oxidant under normal. physiological conditions and signifi-
cant oxidation of LDL in vitro occurs only after the addition
of micromolar concentrations of divalent metals such as
copper. Lipid oxidation is prevented completely in these
incubations by the inclusion of metal chelators such as
EDTA (15). LDL oxidation also occurs in diverse cell
culture systems and can be inhibited partially by pharma-
cological blockade of cellular lipoxygenases (16). The pre-
cise role of reactive oxygen species in the oxidative modi-
fication of lipids in vivo has not been determined. however.
Low trace metal concentrations, the high availability of
ligands that form tight coordination complexes with metals,
and the abundant anti-oxidant capacity of plasma suggest
that metal-catalyzed autoxidation and reactive 0Xygen spe-
cies play little, if any role in mediating lipid oxidation in

10

15

20

25

30

35

45

30

53

65

4

vivo {(17-19). Further studies confirming the significance of
these findings was presented in application Ser. No. 08/029.
417 (filed Mar. 11, 1993).

The work discussed above and reviewed later on herein
has prompted a further focussed consideration of the etiol-
ogy of stroke. inasmuch as this condition is frequently the
result of atherogenesis. Stroke caused by the abrupt devel-
opment of cerebral ischemia is the third leading cause of
death in the United States. The American Heart Association
estimates that there are approximately three million stroke
survivors in the United States. most of whom are disabled.

Accordingly. the cost of this illness to society in both health
care and lost productivity is enormous. by one estimate
exceeding 14 billion dollars per annum. Moreover. patients
with diabetes mellitus fare less well than non-diabetics with
stroke. because they incur more extensive tissue death as
compared to non-diabetics after occlusion of a cerebral
artery. The extended complications of stroke represent a
major problem for diabetics, and adversely influence both
quality of life. and morbidity and mortality. The devastating
complications of stroke in the diabetic population will
assume even greater importance in the coming years, as
larger numbers of diabetics survive into their later years
when the frequency of stroke increases. Interest in improv-
ing the quality of life for these patients has fostered aggres-
sive study aimed at improving treatment. But an incomplete
understanding of the pathogenesis of cerebral infarction in
diabetics hampers progress in this area, and lends a sense of
urgency to identifying responsible factors.

Although a number of factors have been implicated in
enhancing diabetic stroke-related neurotoxicity. a complete
understanding of the biochemical basis for increased stroke
size in diabetes remains elusive. Recent investigation into
the pathogenesis of stroke indicates that a number of factors
may directly influence the volume of brain infarction after
occlusion of a cerebral artery. These studies suggest that
such neurotoxic factors can transform ischemic but poten-
tially viable brain tissue into an imretrievably infarcted
lesion, resulting in larger strokes both in terms of parenchy-
mal necrosis and corresponding functional impairment.

Accordingly, we began to evaluate the hypothesis that
diabetes-induced biochemical changes may worsen stroke. It
is well known that once a cerebral artery is occluded by a
thrombus or embolus, the ultimate size of the resulting
infarction is dependent upon a series of pathogenic events
occurring in the “ischemic penumbra.” the hypoperfused
shell of brain that surrounds the densely infarcted zone.
Progressive cell neuronal death occurs in the penumbra for
hours subsequent to arterial occlusion. Ultimately therefore.
factors that modulate neuronal cell death may either attenu-
ate or amplify the size of the resultant stroke.

Early investigators presumed that disruption of a continu-
ous supply of glucose and oxygen to neurons caused cell
death by an “energy shortage.” But studies by others have

suggested that ischemic lesions caused by cerebral arterial
occlusion are actually composed of a densely ischemic focus
surrounded by a less densely ischemic “penumbral zone™.
Although the neurons in the dense core are destined to die
within minutes, the cells in the penumbra are potentially
viable for up to 8§ hours. Neuronal death in the penumbra
occurs not by rapid emergy depletion, but rather by a
complex cascade of metabolic and chemical events that
mediate neuronal death. This cascade is initially triggered by
diminished regional blood flow, but thereafter becomes
essentially self-propagating.

A list of the metabolic and biochemical factors implicated
in neuronal death in the penumbra includes (but is not
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limited to) calcium. excitatory neurotransmitters. platelet-
activating factor. nitric oxide (EDRF). superoxide radicals.
acidosis. transmembrane ion flux. anaerobic glycolysis and
cerebral edema. It is now generally accepted that neuronal
death in the penumbra is mediated by specific events and
factors. This understanding has facilitated development of

pharmaceuticals that prevent neuronal death in this critical
period. For instance, pharmacological protection against
cerebral infarction in the penumbra has been achieved by
administering glutamate antagonists that competitively
inhibit glutamate binding to the NMDA receptor. Neurons
continue to die for an extended period in the penumbra. but
targeted therapy administered up to 2 hr after cerebral artery
occlusion may confer neuronal protection. Similar success
has been achieved with other therapies targeted to events in
the penumbra (e.g.. calcium channel blockers. PAF
antagonists, free radical scavengers. and inhibitors of nitric
oxide).

Despite advances in the understanding of stroke
pathogenesis. and the identification of the critical role
played by cytotoxic events in the penumbra, the pathogenic
mechanisms of enhanced cerebral infarction in diabetic
patients are unknown. Among the factors that have been
proposed {e.g.. increased procoagulant activities. micro- and
macro-angiopathy. hyperlipidemia. decreased red blood cell
deformability, and impaired cerebrovascular
autoregulation), perhaps the most widely studied in clinical
and experimental investigation is hyperglycemia. Early
experimental studies suggested that elevated blood glucose
levels during focal cerebral ischemia increase the size of the
resulting infarction. These investigators speculated that tis-
sue injury was enhanced by lactate produced from anaerobic
glycolysis in the hypoxic penumbra. These experimental
observations were supported by clinical studies showing a
correlation between glucose levels on admission to the
hospital and poor outcome from stroke.

This theory has not received general acceptance however,
because elevated glucose levels occur as part of the catabolic
stress response to an underlying illness. Thus, higher glu-
cose levels may reflect a more severe stress response to a
larger cerebrovascular lesion. Measurements of HbAlc lev-
els in diabetic patients with stroke revealed no correlation
with infarct severity, leading other investigators to suggest
that the post-stroke hyperglycemia is reactive, derived from
the stress response, and does not contribute to increased
stroke size. Further complicating the hypothesis, glucose has
also been found to confer protection against neuronal death
in animal models of focal cerebral ischemia. To date
therefore, the role of acutely elevated high glucose levels in
the complications of diabetic stroke remains unproven.

Advanced glycation endproducts (AGEs) have been
implicated in the development of diabetic complications
such as accelerated atherosclerosis. renal dysfunction, and
neuropathy. AGE modifications accumulate by non-
enzymatic reactions as permanent adducts and cross-linking
structures on long-lived body proteins (for instance,
collagen) as a function of age and glucose concentration, so
that chronically or episodically elevated blood glucose lev-
els in diabetic patients result in an accelerated linear accre-

tion of AGE modifications to tissue proteins over time.
AGE-modified proteins in tissues may subsequently
undergo receptor-mediated and/or proteolytic cleavage into
smaller. reactive AGE-peptides which are released into the
circulation where they may ultimately either re-attach
covalently to tissue proteins, or undergo elimination from
the circulation by the kidneys. Previous observations sug-

gest that high levels of AGE-proteins and AGE-peptides
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may enhance tissue damage directly by chemical crosslink-
ing and adduct formation and indirectly by binding to
AGE-specific receptors present on macrophages.
endothelium, and other cell types.

AGE receptor-mediated responses mediate capillary
leakage. cytokine production. enhanced procoagulant activ-
ity on the endothelial surface. and increased generation of
reactive oxygen intermediates. AGE-mediated tissue dam-
age may also occur when circulating AGE-proteins or AGE-
peptides react directly to covalently cross-link with base-
ment membrane proteins in the subendothelial space. The
pathological effects of AGE deposition within the vascula-
ture include increased vascular permeability and defective
vasodilatory responses.

To this end, the present inventors have turned to the
consideration of the role played by aminoguanidine. a
known inhibitor of advanced glycosylation. in determining
eventual infarct size after brain ischemia. The results pre-
sented herein suggest that this agent exerts effects additional
to its known role as an inhibitor of advanced glycosylation.

Accordingly, it is toward the presentation of these findings
that the present disclosure is directed.

SUMMARY OF THE INVENTION

In a first aspect of the invention that is the subject of the
present application, a method and corresponding composi-
tions are disclosed for the treatment of stroke. which method
comprises administering a stroke-ameliorating or stroke-
inhibiting amount of an agent capable of averting the
occurrence, or beneficially limiting or reducing the size and
severity of an ischemic infarct in both diabetic and non-
diabetic individuals. Such method also comprises reducing
the infarct size resultant from polyamine damage in stroke.
More particularly, the method of the invention comprises
administering 1o a patient in need thereof, a therapeutically
effective amount of an agent selected from the group con-
sisting of aminoguanidine, o-hydrazinohistidine. analogs of
aminoguanidine, and pharmaceutical compositions contain-
ing any of the foregoing. all as recited in detail herein.
Corresponding pharmaceutical compositions are likewise
contemplated. including without limitation, the agents set
forth herein as well as additional agents that may then be
used in like fashion and for like purpose. This aspect of the
invention also contemplates diagnostic procedures and
materials including kits, that are useful and effective in the
same pathological context.

As the scope of the invention relates in one aspect to the
treatment of a condition also recognized as one of the
primary sequelac of advanced glycosylation, the present
application continues to extend to the subject matter of the
parent applications. Accordingly, an important aspect of the
invention disclosed and claimed hercin continues to be
based on the finding that the in vivo oxidation of lipids has
been determined to be initiated by the reaction of such lipids
to form AGE-lipids as defined herein. Accordingly, the
invention extends to a method for modulating the in vivo
oxidation of lipids by controlling the formation and presence
of AGE-lipids. A corresponding diagnostic utility comprises
the measurement of the course and extent of in vivo lipid
oxidation by a measurement of the presence and amount of
AGEs and particularly, AGE-lipids as defined herein. An
assay is included that may use the AGE-lipids of the present
invention to identify disecase states characterized by the
presence of AGE-lipids. Additionally, such an assay can be
utilized to monitor therapy and thus adjust a dosage regimen
for a given disease state characterized by the presence of
AGE-lipids.
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More particularly, as the in vivo oxidation of lipids is
related to the onset and course of atherosclerosis. the control
of in vivo lipid oxidation represents a therapeutic strategy
for its treatment, and the invention thus comprises a method
for treating atherosclerosis by inhibiting the formation of
AGE-lipids. Likewise. the measurement of AGE-lipid levels
in mammals represents a method for diagnosing the likeli-

hood or onset of atherosclerosis. or measuring the course or
severity of the disease.

As noted above, AGE-lipids are useful as markers of a
variety of conditions in which the fluctuation in lipid levels
may reflect the presence or onset of dysfunction or pathol-
ogy. AGE-lipids are also lipid-soluble and are useful alone
and in conjunction with known carriers and delivery
vehicles, such as liposomes. for the transport of therapeutic
and other agents, including in certain instances the AGE
moieties themselves. across membranes and epithelial
layers. for example. to particular sites in a patient for
treatment. The particular site of interest may be one which
has at least one AGE receptor which recognizes the AGE-
lipid or a portion thereof.

A method of preparing AGE-lipids is also disclosed which
comprises incubating the lipid with an advanced glycosyla-
tion endproduct or a compound which forms advanced
glycosylation endproducts for a length of time sufficient to
form said AGE-lipid.

Pharmaceutical compositions are also disclosed that com-
prisec an AGE-lipid in combination with a pharmaceutically
acceptable carrier. Such pharmaceutical compositions may
include an additional active agent(s) in some instances, and
may be prepared and used for oral, parenteral or topical. e.g..
transdermal, sublingual, buccal or transmucosal delivery. As
stated, the pharmaceutical compositions can be in the form
of a liposome in certain instances.

Further, and as set forth in Applicants’ parent application,
AGE-lipids also demonstrate therapeutic utility and may
accordingly be prepared as described above, for administra-
tion in controlled quantities to stimulate the uptake and
removal of senescent macromolecules, to promote skin
rejuvenation or remodeling by such activity, and to serve as
a drug delivery means. In this connection, the AGE-lipids
and pharmaceutical compositions containing them may be
prepared and administered as and where appropriate.

A further embodiment of the invention relates to the
concomitant discovery that the in vivo oxidation of LDL is
likewise Initiated by the formation of LDL. advanced gly-
cosylation endproducts (AGE-LDL). AGE-LDL may be
formed by reaction with glucose or another in vivo-resident
reducing sugar, an advanced glycosylation endproduct, or
active fragments thereof, including AGE peptides circulat-
ing in the serum of a mammal. More particularly, the
formation of AGE-LDL comprises the attachment of AGE
moieties to either or both the lipid and apoprotein
components, in the latter instance to form AGE-apo B.

Apo B, in turn, has a region within its receptor binding
domain that is susceptible to AGE modification. This site
may be protected from AGE modification as part of a
therapeutic strategy, and may also serve as the focal point of
a drug discovery assay or receptor assay in a diagnostic
context.

Accordingly, the invention includes a method for diag-
nosing or monitoring conditions in which serum LDL or
cholesterol levels are abnormal comprising measuring the
presence and amount of a marker selected from AGE-lipids.
AGE-LDL and AGE-apo B. The stated method may be used
for example, to diagnose or monitor atherosclerosis and
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diabetes. A corresponding therapeutic method comprises the
treatment of a mammal to modulate. and in the majority of
tnstances, to lower serum LDL or cholesterol levels. by the
administration of an agent that serves to modulate AGE-
LDL levels. and specifically to inhibit the formation of
AGE-LDL.

Also. a method of modulating lipid metabolism in a
mammal in need of such treatment is included. The method
comprises administering to said mammal a lipid
metabolism-modulating effective amount of an agent that
can modify the recognition and removal of lipids from
serum. and more particularly, such agents as can modify the
recognition and binding of apo B by LDL receptors.

Generally. the therapeutic methods of the present inven-
tion contemplate the inhibition of in vivo lipid oxidation.
LDL level increases or apo B modifications. by the admin-
istration of an agent or a pharmaceutical composition con-
taining such agent or a plurality of such agents. for the
inhibition of the formation of advanced glycosylation end-
products involving any or all of the lipid and lipid-related
materials subject to such in vivo oxidation. Such agents
comprise antagonists of advanced glycosylation, and include
antibodies to AGEs. antibodies to AGE-lipids, antibodies to
AGE-LDL., antibodies to AGE-apo B. as well as other
ligands that would bind and neutralize the foregoing anti-
gens. Suitable agents may also be selected from those agents
that are reactive with an active carbonyl moiety on an early
glycosylation product, and preferably are selected from
aminoguanidine, o-hydrazinohistidine., analogs of
aminoguanidine, and pharmaceutical compositions contain-
ing any of the foregoing, all as recited in detail herein. The
inventions set forth herein contemplate the discovery of
additional agents that may then be used in like fashion and
for like purpose.

In an alternate embodiment and as described in Appli-
cants’ parent Application. the in vivo oxidation of lipids,
once initiated, is driven by the presence and activity of the
lipid peroxidation breakdown products. These include lipid
peroxides as well as highly reactive aldehydes such as
malonyl dialdehyde (MDA). These aldehydes can react with
and/or crosslink to proteins, for example, through available
free amino groups. Inhibitors of AGE formation such as
aminoguanidine may be used to inhibit the activity of these
reactive aldehydes by reacting directly with them.
Accordingly, a therapeutic strategy for the treatment of
atherosclerosis or other conditions in which LDL levels,
cholesterol levels or lipid levels generally, are undesirably
high comprises the administration of a therapeutically effec-
tive amount of an agent capable of neutralizing the activity
of the reactive aldehyde products of in vivo lipid oxidation.
Preferred inhibitors include the agents and antagonists
recited above, and other materials disclosed herein.

Accordingly. 1t is a principal object of the present inven-
tion to modulate and control the in vivo oxidation of lipids
and lipid-like moieties by controlling the formation of
advanced glycosylation endproducts (AGEs). and particu-
larly AGEs involving such lipid and lipid-like moicties.

It is a further object of the present invention to provide a
method for diagnosing conditions in which abnormal lipid
oxidation is a characteristic, by detecting and measuring the
presence and extent of lipid-AGE formation.

It is a still further object of the present invention to
provide a method for diagnosing and treating atherosclerosis
by measuring and inhibiting the formation of AGE-lipids.

It is a still further object of the present invention to
provide a method for lowering serum LDL levels, by inhib-
iting the formation of AGEs including AGE-lipids.
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It is a still further object of the present invention to
provide a method for identifying new drugs and correspond-
ing agents capable of treating abnormal lipid oxidation, by
use of an assay involving AGE-lipids.

It is yet another object is to utilize AGE-lipids to treat
certain diseases and conditions. such as skin conditions, or
to utilize the AGE-lipid moieties for purposes of delivering
disease-treating medications to particular biologically active
sites.

It is a still further object of the present invention to
identify AGE-lipids and methods of inhibiting the formation
in instances or disease conditions where the presence or
biological activity of these AGE-lipids is detrimental to the
host organism., or indicative of the presence of a disease state
in the host organism.

It is likewise a further object of the present invention to
provide a method and related compositions for the diagnosis
and treatment of stroke and similar maladies, that are based

the activity of certain agents that have been identified as
AGE inhibitors.

It is a still further object of the present invention to
provide a method and related compositions for the treatment
of stroke. and especially the reduction of infarct size result-
ant from AGE and polyamine damage.

Other objects and advantages will be apparent from a
consideration of the ensuing detailed description which
proceeds with reference to the following illustrative draw-

ings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph of absorbance at 360 nm of AGE-
compound formation over time using various lipids incu-
bated with glucose and/or aminoguanidine;

FIG. 2 is a graph of fluorescence intensity using various
lipids incubated with glucose and/or aminoguanidine;

FIG. 3 is a graph of lipid oxidation in relation to AGE-
lipid formation using various lipids incubated with glucose
and/or aminoguanidine;

FIG. 4 is a graph of changes in ultraviolet and visible
absorbance spectra (200-500 nm) over time (0-50 days) of

phosphotidylethanolamine (PE) incubated with 500 mM
glucose;

FIG. 5 is a graph of AGE-specific absorbance as a
function of glucose concentration;

FIG. 6 is a graph of AGE-specific fluorescence as a
function of glucose concentration;

FIG. 7 is a graph of lipid oxidation changes as a function
of glucose concentration;

FIG. 8A is a graph showing the concentration-dependent
reaction between malonyldialdehyde (bis-{diethylacetal])
(MDA) (0-20 pM) and aminoguanidine (0—500 pm);

FIG. 8B is a graph of the inhibition of thiobarbiturate
activity as a function of AG concentration.

FIGS. 9A-C are graphs of the comparison measurement
of AGE and oxidative modification of human LDL. isolated
from plasma of 8§ normoglycemic., non-diabetic individuals
(o) and 16 patients with diabetic mellitus: FIG. 9A compares
the AGE modification of LDI. apoprotein of non-diabetic
and diabetic patients. FIG. 9B compares the AGE modifi-
cation of LDL lipid of non-diabetic and diabetic patients;
and FIG. 9C compares the oxidative modification of LDL of
non-diabetic and diabetic patients. Values shown are the
mean of duplicate determinations.

FIGS. 10A-C are graphs of time-dependent reaction of
human LDL (2.5 mg/ml) with glucose (200 mM). At time
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intervals, samples were dialyzed against PBS/EDTA and
portions separated into lipid (FIG. 10B) and apoprotein
(FIG. 10A) components for AGE determination or assayed
for the presence of ox-LDL (FIG. 10C). LDL incubated with
200 mM glucose (A). LDL incubated with 200 mM glucose
and 300 mM aminoguanidine (A). LDL incubated alone ().
LDL incubated with aminoguanidine (@®). Values shown are
the mean of duplicate determinations.

FIG. 11A presents histograms depicting the accumulation
of AGEs on apo B that was isolated after incubation of LDL
with AGE-peptides, with or without co-incubation with
aminoguanidine, as detected in an AGE-specific ELISA.
FIG. 11B presents histograms depicting the accumulation of
AGEs in a lipid fraction that was isolated after incubation of
LDL with AGE-peptides, with or without co-incubation with
aminoguanidine. as detected in an AGE-specific ELISA.

FIG. 12A presents histograms depicting the accumulation
of AGEs (as detected in an AGE-specific ELISA) on apo B
that was isolated from serum LDL obtained from human
study subjects who were non-diabetic (normal) or diabetic
with different numbers of diabetic complications. and dia-
betic patients with end stage renal disease (ESRD).

FIG. 12B presents histograms depicting the accumulation
of AGE:s (as detected in an AGE-specific ELISA) in a lipid
fraction that was isolated from LDL obtained from human
study subjects who were non-diabetic (normal) or diabetic
with different numbers of diabetic complications, and dia-
betic patients with end stage renal disease (ESRD).

FIG. 12C presents histograms depicting the accumulation
of oxidized LDL (detected as MDA equivalents) in plasma
DL that was obtained from human study subjects who were
non-diabetic (normal) or diabetic with different numbers of
diabetic complications, and diabetic patients with end stage
renal discase (ESRD).

FIG. 13 presents histograms depicting the accumulation
of AGEs (as detected in an AGE-specific ELISA) on apo B
that was isolated from plasma LDL obtained from human
study subjects who were non-diabetic (normal) or diabetic
and with or without end stage renal disease.

FIG. 14 presents histograms depicting the relative low-
ering of LDL levels (shown as percent of pretreatment
baseline) in diabetic patients at the end of a 28-day trial of
aminoguanidine versus placebo.

FIG. 15 presents the pattern of cerebral infarction
observed at five stereotactic levels. Note that the infarcted
region (stipple shaded area) on each section is limited to the
cortex. Animals received either BSA or AGE-BSA thirty
minutes prior to the onset of ischemia as described in the
text.

FIG. 16A is a bar graph showing the time-dependence of
the stroke-enhancing effects of AGEs. AGE-BSA (235
mg/kg) was administered at the times shown relative to the
onset of ischemia at time =(. Data shown are the volume of
hemisphere infarcted expressed as a percentage of the entire
hemispheric volume. (Mean % s.e.. n=6-8 animals per
group).

FIG. 16B is a bar graph showing the dose-dependence of
the stroke-enhancing effects of AGEs. Two hours before the
onset of ischemia. AGE-BSA was administered in the doses

shown. Data shown are the volume of hemisphere infarcted
expressed as a percentage of the entire hemispheric volume.

(Mean * s.e.. n=6-8 animals per group).

FIG. 17 is a bar graph showing that aminoguanidine
attenuates the enhanced stroke volume associated with exog-
enous AGE administration. Two hours before the onset of
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ischernia. animals received either BSA (235 mg/kg). AGE-
BSA (235 mg/kg) or AGE-BSA (235 mg/kg). and ami-
noguanidine (450 mg/kg). To control for total volume of
injectates, all solutions were given in a final volume of 3.2
ml/kg. Data shown are the volume of hemisphere infarcted
expressed as a percentage of the entire hemispheric volume.
(Mean # s.e.. n=06—8 animals per group).

DETAILED DESCRIFTION OF THE
INVENTION

Numerous abbreviations are used herein to simplify the
terminology used. and to facilitate a better understanding of
the invention. The following abbreviations are representa-
tive.

As used herein. the term “AGE-" refers to the compound
which it modifies as the reaction product of either an
advanced glycosylation endproduct or a compound which
forms AGEs and the compound so modified. such as the
lipid moiety. AGE-lipids can be formed in vitro by reacting
a lipid as defined herein with an AGE. such as AGE-peptide.
or either In vitro or in vivo with a compound such as a
reducing sugar, e.g.. glucose, until the lipid is modified to
form the AGE-lipid.

“Lipid” i1s used in the conventional sense to refer to
materials that are soluble to a greater or lesser degree in
organic solvents, like alcohols. and relatively insoluble in
aqueous media. Thus, the term “lipid” includes compounds
of varying chain length. from as short as about 2 carbon
atorns to as long as about 28 carbon atoms. Additionally, the
compounds may be saturated or unsaturated, and in the form
of straight- or branched-chains or in the form of unfused or
fused ring structures. Further, these lipid compounds can be
optlonally linked to other moieties, so long as at least one
primary amino group, or other crosslinkable or otherwise
reactive group. is present in the molecule.

The term “lipid-related materials” is used herein to
encompass not only lipids as conventionally understood and
as defined above, but those particles, aggregates and com-
ponents thereof that are found in connection with lipid
moieties. Examples of lipid-related materials included
herein include fatty acids, sterol-type molecules,
triglycerides, phospholipids. and lipoproteins including apo-
lipoproteins. Preferred lipid-related materials include as the
AGE-reactive groups one or more prizrnary amino groups. It
is particularly preferred to include at least one primary
amino group reactive with AGEs and compounds which
form AGE:s.

The lipid-related materials that are of primary interest are
those that react to form advanced glycosylation endproducts.
The resulting AGEs are given hercin the common designa-
tion of “AGE-lipid(s)” for purpose of convenience and
consistency, it being understood that this designation will
include within its scope AGEs formed literally with lipid
moicties alone. as well as AGEs formed with lipid-related
materials such as apolipoproteins. The use of the term
“AGE-lipid(s)” in accordance with the present invention is
therefore intended to cover such diverse materials within its
sCope.

Those lipid-related materials that are preferably used in
the preparation of the AGE-Lipids affirmatively used in the
diagnostic and therapeutic methods of the present invention,
arc phospholipid compounds containing primary amino
groups, such as phosphatidylethanolamine. Other lipid-
related materials also useful in the present invention are the
lipoproteins. particularly those involved in atherogenesis.
1.e.. low-density lipoproteins (LDLs). and the apolipopro-
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teins that comprise the protein component of LDL, and in
particular, apolipoprotein B (apo B)

The AGEs that may be employed to prepare AGE-lipids
include such species as 2-(2-furoyl)-4(5)-(2-furanyl)-1H-
imidazole (“FFI’); 5-hydroxymethyl-1-alkylpyrrole-2-
carbaldehyde (“Pyrraline”); 1-alkyl-2-formyl-3.4-
diglycosyl pyrrole (“AFGP”). a non-fluorescent model
AGE: carboxymethyllysine; and pentosidine. These com-
pounds have been isolated and characterized as the reaction
products which form following the formation of Amadori
reactions. However, the in vivo formation of AGEs and the
incubation of lipids with AGEs or compounds which form
AGEs likely forms AGE species not recited above.
Consequently, the invention is not limited to these precise
chemical compounds. since other AGE compounds can be
formed or have a role in accordance with the teachings
herein. Thus, the term AGE can refer to the advanced
glycosylation endproduct which the lipid is reacted with as
well as the particular form which is produced according to
the reaction.

As stated earlier, the present invention is based on the
discovery that a relationship exists between lipid oxidation
and metabolism, and the in vivo formation of advanced
glycosylation endproducts on lipid-related materials as
defined hereinabove (AGE-lipids). Particularly, and as sup-
ported by the data presented in the parent Application and
herein, AGE-lipids appear to initiate lipid oxidation, reduce
the efficiency and operation of the body mechanism for LDL
clearance by the interruption of normal receptor binding
between the apolipoprotein B portion of LLDL and appropri-
ate LDL. receptors, and leads to increased levels of plasma
lipids such as low density lipoproteins (LDL).

This latter observation is believed to reflect the existence
of a site for the formation of AGEs that is either adjacent or
within the LDL receptor binding domain of apo B. The result
of the formation of an AGE on apo B is believed to subject
apo B to preferential uptake by macrophage “scavenger”
receptors with concomitant inhibition of interaction with the
LDL receptor, with the result that the LDI. molecules are
avidly consumed by the macrophage leading to the forma-
tion of undesired foam cells that contribute to atherosclerotic
plaque formation. It is therefore of primary interest and
importance as a therapeutic strategy, to treat atherosclerosis
in more than one way, first by the inhibition of AGE
formation and lipid oxidation that, in turn, leads to increased
plasma LLDL levels, and secondly, to restore the full func-
tionality of apo B uptake by LDL receptors and to avert the
formation of undesired foam cells by the consumption of
LDL by the macrophage.

A further discovery in accordance with the present inven-
tion that forms yet an additional aspect thereof, is the
obscrvation that the oxidation of lipids, while initiated by
AGE-lipid formation. is further perpetuated by the circula-
tion of certain lipid oxidation byproducts. Also. fatty acid
oxidation products such as the malonyl dialdehyde-like
compounds participate in protein modification by reaction
with free available amino groups. It therefore is desirable as
a further therapeutic strategy to neutralize the activity of
these oxidation byproducts by a reaction of an appropriate
neutralizing agent therewith.

As part of the present invention and as set forth in
Applicants’ parent disclosure, the inhibitors of advanced
glycosylation identified earlier and listed herein in detail,
including aminoguanidine, o-hydrazinohistidine, lysine and
corresponding analogs. have been found and confirmed to
react in such fashion with the MDA-like byproducts and to
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neutralize the same so that they no longer participate in the
modification of proteins. The present invention is not con-
sidered to limited or to depend upon a particular mechanism
of action, and the foregoing is merely illustrative of the
observed beneficial activity of the noted inhibitors.

In view of the above, the present invention includes a dual
therapeutic strategy where agents such as aminoguanidine
may be administered to inhibit in vivo AGE-lipid formation
and consequent initiation of lipid oxidation. and to react with
any byproducts of an ongoing lipid oxidation to prevent
reaction of these byproducts with proteins as described
above.

More particularly, the present invention relates to a
method of modulating lipid metabolism including the con-
trol and adjustment of such metabolism either to increase or
decrease same, by the administration to a mammal or host in
need of such treatment. of a lipid metabolism-modulating
effective amount of a particular agent or group of agents that
are capable of modifying the recognition and removal of
lipids from serum., which agents are importantly capable of
controlling the formation of AGEs. and particularly AGE-
lipids. In selected instances, such as where predetermined
quantities of AGE-lipids may act to stimulate the systems of
the host to adjust lipid metabolism for therapeutic benefit,
the method includes the administration of such AGE-lipids
by means described herein in detail.

The lipids subject to advanced glycosylation are as recited
earlier. selected from amine-containing lipids. low-density
lipoproteins, and apolipoproteins. and particularly in the last
mentioned instance, apo B. The method may be practiced to
lower low-density lipoprotein levels in a patient, and is
applicable for example, to the prevention and/or treatment of
hypercholesterolemia. atherosclerosis, and kidney failure.

The agents contemplated for use in this method include
materials selected from the group consisting of antibodies
against advanced glycosylation endproducts, ligands,
including AGE receptors and active fragments thereof,
capable of binding to and neutralizing advanced glycosyla-
tion endproducts, and compounds capable of inhibiting the
formation of advanced glycosylation endproducts. Suitable
antibodies include polyclonal antibodies, monoclonal
antibodies, chimeric antibodies, and active fragments
thereof, all as discussed in detail below. These agents are
administered to restore effective lipid metabolism and to
correspondingly reduce lipid oxidation. The foregoing
appreciates that lipid metabolism is in part controlled by the
effective binding of the apolipoprotein apo B to the LDL
receptor., so that any compounds or agents contemplated for
use in this aspect of the invention, would be capable of
interacting with the receptor binding domain of apo B to
avert the formation of AGEs adjacent to or therewithin, and
to render such receptor binding domain recognizable by the
LDL receptor.

As mentioned previously and as supported by one of the
examples presented later on herein, it has been observed that
such AGE-peptides take an affirmative role in the formation
of AGE-lipids and likewise participate in the promotion and
acceleration of lipid oxidation and the various consequences
thereof. It is therefore desirable, in the instance where such
activity is to be inhibited, to neutralize such AGE-peptides
by reacting with them to prevent them from promoting
further AGE formation. In this connection, aminoguanidine
and like inhibitor compounds can be administered.

Concomitant with the above therapeutic strategies are
effective diagnostic protocols that may be employed to
determine the onset and course of a condition whose mea-
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surable variable may include lipid oxidation, by resort to the
detection and measurement of the extent of advanced gly-
cosylation of lipids. More particularly, AGE-lipid formation
may be detected by means such as the AGE-ELISA devel-
oped by the present inventors, to determine the extent of
AGE-lipid formation and to thereby assess the extent of lipid
oxidation. and consequent effects on plasma LDL levels.
Accordingly, measurable increases in lipid oxidation and
plasma LDL levels will signal the development and onset of
hypercholesterolemia and atherogenesis, so that the present
method may be effectively employed to diagnose and moni-
tor the development of vascular disease, and particularly
atherosclerosis. Likewise, the presence of AGE-lipids is also
reflective of the development and existence of diabetic
conditions such as diabetic retinopathy, diabetic and non-
diabetic nephropathy. and the like, so that the present
diagnostic methods may be used to measure the develop-
ment and severity of these conditions as well.

With respect to the effect that advanced glycosylation
endproduct formation exerts on the ability to clear low
density lipoproteins by the recognition and binding of apo B
to the LDL receptor. the present invention contemplates and
includes the full identification of the receptor binding
domain of apo B. and particularly those portions of the
receptor binding domain that are presently susceptible to
AGE formation. For example. and as set forth later on
herein. Applicants have discovered that a particular segment
of the receptor binding domain defines lysine with flanking
arginine residues, that most likely serves as a site for the
formation of the advanced glycosylation endproduct with
apo B.

Accordingly, the receptor binding domain may serve as
the focal point for a drug discovery assay, where, for
example, apo B may be immobilized, and incubated both
with agents conducive to the formation of an AGE on the
binding domain thereof, and a quantity of a particular drug
or inhibitory agent under test. The extent to which the drug
serves to either bind with the AGE and thereby inhibit apo
B AGE formation, or binds directly with apo B and thereby
prevents the same, could then be measured. This particular
assay could be prepared as a receptor assay in conjunction
with the LDL receptor, to determine whether the apo B
receptor binding domain is disabled after incubation with an
AGE/AGE-forming materials and a particular drug under
test. Both possibilities for drug discovery assays are con-
templated herein and are considered within the scope of the
present invention.

Both the diagnostic and therapeutic methods of the
present invention contemplate the use of agents that have an
impact on the formation of AGE-lipids. Among these agents.
antibodies to AGEs and other ligands may be prepared and
used. These terms are defined below.

The term *antibody” includes any immunoglobulin.
including antibodies and fragments thereof that binds a
specific epitope, and such general definition is intended to
apply herein. The term therefore encompasses polycional.,
monocional and chimeric antibodies, the last mentioned

described in further detail in U.S. Pat. Nos. 4,816,397 and
4.816.567.

Also, an “antibody combining site” is that structuraf
portion of an antibody molecule comprised of heavy and
light chain variable and hypervariable regions that specifi-
cally bind antigen. Exemplary antibodies include antibody
molecules such as intact immunoglobulin molecules, sub-
stantially intact immunoglobulin molecules and those por-
tions of an immunoglobulin molecule that contain the active
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binding site. including those portions known in the art as
Fab. Fab', F(ab'),, and F(v). which portions are preferred for
use in therapeutic methods associated herein.

Fab and F(ab'), portions of antibody molecules are pre-
pared by the proteolytic reaction of papain and pepsin.
respectively, on substantially intact antibody molecules by

methods that are well-known. See for example, U.S. Pat. No.
4.342.566 to Theofilopolous et al. (The disclosures of the art

cited herein are hereby incorporated by reference.) Fab'
antibody molecule portions are also well-known and are
produced from F(ab'), portions followed by reduction of the
disulfide bonds linking the two heavy chain portions as with
mercaptoethanol, and followed by alkylation of the resulting
protein mercaptan with a reagent such as iodoacetamide.

The phrase “monoclonal antibody” in its various gram-
matical forms refers to an antibody having only one species
of antibody combining site capable of immunoreacting with
a particular antigen. A monoclonal antibody thus typically
displays a single binding affinity for any antigen with which
it immunoreacts. An antibody may be prepared having a
plurality of antibody combining sites. each immunospecific
for a different antigen; e.g., a bispecific (chimeric) antibody.

Likewise. the term “ligands” includes such materials as
AGE derivatives that would bind to AGE-binding partners.
and would include such materials as are prepared by the
reaction of AGEs with avidin or biotin. or the preparation of
synthetic AGE derivatives that may be prepared from reduc-
ing sugars such as glucose, glucose-6-phosphate (G-6-P).
fructose and ribose, and peptides. proteins and other bio-
chemicals such as bovine serum albumin (BSA). avidin,
biotin derivatives, and enzymes such as alkaline phos-
phatase. Likewise, enzymes and other carriers that have
undergone advanced glycosylation may also serve as ligands
in any of the assays of the present invention. Accordingly,
carriers such as carbohydrates, proteins, synthetic
polypeptides, lipids and biocompatible natural and synthetic
resins, and any mixtures of the same may be reacted with
sugars to form advanced glycosylation endproducts and may
thereby be useful in the present methods. The present
diagnostic methods are intended to contemplate all of the
foregoing materials within their scope.

The term “AGE binding partners” is intended to extend to
anti-AGE antibodies and to other cellular AGE binding

proteins or receptors for AGEs, which AGEs may be found
on peptides, molecules and cells.

As discussed above, the present invention extends to the
preparation and use of AGE-lipids in a variety of diagnostic
and therapeutic contexts. With respect to the formation of
AGE-lipids. the compounds which form AGEs are typically
reducing sugars. Reducing sugars or the AGEs themselves
can react with the lipids to form AGE-lipids. However, in in
vitro techniques, it is likely that a compound which forms
AGEs, such as a reducing sugar, will be used. Examples of
reducing sugars include glucose. fructose, ribose and
glucose-6-phosphate.

AGE-lipids can be affirmatively used in the treatment,
rejuvenation or remodeling of skin. For example, the AGE-
lipids can be administered in an amount effective for treating
skin allments or rejuvenating or remodeling the skin. such as
to remove or induce the removal of wrinkles. By way of
explanation, but not limitation, it is postulated that the
application of AGE-lipids to the skin may attract cells, e.g..
macrophages, which have the ability to remove naturally
occurring AGE-compounds generally from the site of depo-
sition. As a result. in vivo generated and naturally deposited
AGE-compounds may be removed and also AGE-lipids and
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other AGEs may induce cells, e.g.. macrophage. T-cells and
endothelial cells and fibroblasts. to secrete a variety of
substances. e.g.. cytokines. growth factors and effector
molecules. such as TNF. IL-1. IGF-1. PDGF and other
compounds. and collagenase and thereby modulate biologi-
cal processes, e.g.. skin remodeling and wound healing.

The AGE-lipids can be applied to the skin in the form of
topical preparations for cosmetic or medicinal use in the
form of, e.g.. creams, gels or ointments, or can be incorpo-
rated into pharmaceutical preparations with other ingredi-
ents. Likewise, the topical use of the AGE-lipid compounds
described herein could include other agents useful for the
treatment of skin ailments or disease, e.g.. wrinkling. acne,
wound healing etc.

The AGE-lipids of the present invention can also be
applied to the skin to modify the effect or use of other
medicinal agents. For example, the AGE-lipids could be
applied to the skin in conjunction with anti-inflammatory or
anti-infective therapeutic agents or other compounds which
are effective topically or transdermally. Likewise. such
AGE-lipids may enhance the penetration or activity of the
other compounds administered in combination.

Additionally, the AGE-lipids may function to attract cells
or other endogenous components, e.g., antibodies. which are
effective in removing AGEs from the system, or which
function in the removal of such compounds from the system.
By providing AGE-lipids to the desired site, these cells and
other components may be attracted to the area of application
and induced to remove other harmful components.

Another aspect of the present invention relates to com-
positions which can be in any pharmaceutically acceptable
form, e.g.. transdermal, oral. parenteral. topical (via the skin.
inhalation, transmucosally, e.g.. rectally, vaginally, buccally
or sublingually) as well as other dosage forms administered
by other routes of administration. Such compositions typi-
cally contain an AGE-lipid which is effective for treating the
particular disease or condition, or 1s effective for attracting,.
activating or inducing the activity of cells or antibodies to
the area of interest in an effort to control, reduce or eliminate
the formation of lipofuscin, and other amyloid materials.
The amount of the AGE-lipid present in the composition and
thus the amount administered will depend upon the particu-
lar condition under treatment. as well as the age, weight, and
condition of the patient.

Also, the AGE-lipids of the present invention may be
useful for the enhancement of the activity of other drugs or
therapeutic agents. For example, the AGE-lipid can be
coadministered or administered separately from another
drug to take advantage of the lipid solubility of the preferred
AGE-lipids which are useful herein. Likewise, the drugs can
be used essentially simultaneously to attract cells or other
biological components. e.g., antibodies, which are to be
treated or are necessary or desired in the pharmacological
site of activity for purposes of enhancing the activity of the
AGE-lipid and/or the other drug.

Another aspect of the invention relates to pharmaceutical
dosage forms such as liposomes. Liposomes can be used
with AGE-lipids present on the outer layer thereof, or
incorporated into the interior, based upon the lipid solubility
of the AGE-lipid. the relative size of the liposomes. the
presence of other therapeutic agents contained therein, the
mode and biological site of intended use/activity and numer-

ous other factors.

Preferred AGE-lipids for use as described herein may take
advantage of cellular AGE binding proteins or AGE-
receptors as well as the other physical parameters of the
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AGE-lipids described in the present invention. By way of
non-limiting example. the synthetic and naturally occurring
AGE, FFL is recognized by and reactive with macrophage
cells (macrophage cells have AGE receptors which recog-
nize FFI) but not particularly reactive with endothelial cells.
Thus, if a liposome or other pharmaceutical dosage form
containing AGE-lipids is to be delivered such that macroph-
age cells are targeted. the FFI moiety can be included. In this
manner, differences in AGE receptor activity and in the
reactivity of different AGEs can be taken advantage of.

Likewise. the AGE-lipids of the present invention can be
used to produce antibodies to AGE-lipids, and these anti-
bodies can be used as described herein. For example,
antibody formation can be induced by injecting a mammal
with an immunogen comprised of an AGE-lipid and then
collecting the serum of the mammal. Such serum will
typically contain antibodies which recognize and bind to
AGE-lipids. These antibodies may be polyclonal or essen-
tially monoclonal, and may be prepared e.g.. by using an
appropriate immunization protocol. such as a hyperimmu-
nization protocol. Accordingly. appropriate fusion, plating,
screening. selection and replication techniques can be uti-
lized to obtain monoclonal antibodies which recogmze spe-
cific epitopes on the particular AGE-lipid utilized.

The AGE-lipids. antibodies and compositions can also be
used in the assessment of the quality, preservation or deg-
radation of stored foods or other biological substances. For
example, the presence and concentration of advanced gly-
cosylation endproducts can be identified. This technique is
particularly useful in identifying undesirable concentrations
of advanced glycosylation endproducts that accumulate with
prolonged storage.

The AGE-lipids, antibodies and compositions can be used
in the diagnosis and assessment of certain diseases. For
example, the location and concentrations of advanced gly-
cosylation endproducts in the body could be identified. This
technique is particularly useful in identifying undesirable
concentrations of advanced glycosylation endproducts, such
as atheromatous plagues, or for the identification of com-
plications of disease states such as diabetes mellitus.

Of particular diagnostic importance is the identification of
AGE-lipids wherein the lipid is a low-density lipoprotein
(LDL). In the case of LDL. incubation with glucose or
AGE-peptides produces AGE moieties that are linked to
both the lipid and to the apoprotein components. Oxidized-
IL.DL forms concurrently with AGEs during these incuba-
tions. Aminoguanidine, as well as other known agents for
the inhibition of the advanced glycosylation of proteins,
inhibits both the advanced glycosylation and oxidative
modification processes. Analysis of LDL specimens isolated
from the plasma of diabetic individuals reveals increased
levels of AGEs on both the apoprotein and lipid components
when compared to normal, non-diabetic individuals. The
level of LDL oxidation also correlates significantly with
AGE modification, indicating that advanced glycosylation
may play a primary role in the generation of oxidized lipid
in vivo, and that this activity is inhibited by aminoguanidine.

Thus. the identification, by standard assay procedures, of
high levels of AGE-LDL in a patient can be utilized to
ascertain the precise disease state. as well as to monitor the
efficacy of a therapeutic regimen, such as by treatment with
an AGE-inhibitor. In a particularly preferred embodiment,
the levels of AGE-LDL in a patient can be utilized to
diagnose the onset, severity or risk for the development of
diabetic conditions and complications in the patient.
Additionally. the level of AGE-LDL in a patient can be
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utilized to diagnose the onset or severity of atherosclerosis
and associated conditions in a patient.

The method comprises an assay involving in addition to
the analyte, one or more binding partners of AGE-lipids and
one or more ligands.

Accordingly, the present assay method broadly comprises
the steps of:

A. preparing at least one biological sample suspected of
containing said AGE-lipids;

B. preparing at least one corresponding binding partner
directed to said sample;

C. placing a detectable label on a material selected from
the group consisting of said sample. a ligand to said
binding partner and said binding partner:.

D. placing the labeled material from Step C in contact
with a material selected from the group consisting of
the material from Step C that is not labeled; and

E. examining the resulting sample for the extent of
binding of said labeled material to said unlabeled
material.

In a typical non-competitive assay in accordance with the
present invention, AGE-lipids are solubilized in methanol
and deposited on the assay plate by drying. The assay plates
are then hydrated and sequentially exposed to anti-AGE
primary antibodies and enzyme-conjugated second antibod-
ies specific for the primary antibodies, with washing steps in
between where appropriate. Enzyme levels are then deter-
mined by. for instance. substrate conversion protocols well
known in the art, and the amount of AGEs can thus be
measured by reference to a standard run in parallel.

In a typical competitive assay in accordance with the
present invention, an AGE binding protein or AGE receptor
may be combined with the analyte and a ligand. and the
binding activity of either or both the ligand or the analyte to
the receptor may then be measured to determine the extent
and presence of the advanced glycosylation endproduct of
interest. In this way, the differences in amounts bound
between the components of the assay serves to identify the
presence and amount of the AGE-lipig.

The present invention also relates to a method for detect-
ing the presence of stimulated. spontaneous. or idiopathic
pathological states in mammals, by measuring the corre-
sponding presence of AGE-lipids. More particularly. the
activity of AGEs may be followed directly by assay tech-
niques such as those discussed herein, through the use of an
appropriately labeled quantity of at least one of the binding
partners to AGE-lipids as set forth herein. Alternately, AGEs
can be used to raise binding partners or antagonists that
could in turn, be labeled and introduced into a medium to
test for the presence and amount of AGEs therein, and to
thereby assess the state of the host from which the medium
was drawn.

Thus. both AGE-lipids and any binding partners thereto
that may be prepared, are capable of use in connection with
various diagnostic techniques, including immunoassays.
such as a radioimmunoassay, using for example. a receptor
or other ligand to an AGE that may either be unlabeled or if
labeled. then by either radioactive addition, reduction with
sodium borofritiide. or radioiodination.

In an immunoassay, a control quantity of a binding partner
to AGE-lipids may be prepared and optionally labeled, such
as with an enzyme, a compound that fluoresces and/or a
radioactive element, and may then be introduced into a
tissue or fluid sample of a mammal. After the labeled
material or its binding partner(s) has had an opportunity to
react with sites within the sample, the resulting mass may be
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examined by known techniques. which may vary with the
nature of the label attached.

The labels most commonly employed for these studies are
radioactive elements. enzymes. chemicals which fluoresce
when exposed to ultraviolet light, and others.

Suitable examples of radioactive elements include °H.

“C, P*P. 8. *°Cl. *'Cr. " Co. *Co. *Fe, °°Y, *?°1. 131, and
'%°Re. In the instance where a radioactive label, such is
prepared with one of the above isotopes is used, known
currently available counting procedures may be utilized.

In the instance where the label is an enzyme, detection
may be accomplished by any of the presently utilized
colorimetric, spectrophotometric. fluorospectro-
photometric, thermometric, amperometric or gasometric
techniques known in the art. The enzyme may be conjugated
to the advanced glycosylation endproducts, their binding
partners or carrier molecules by reaction with bridging
molecules such as carbodiimides. diisocyanates, glutaralde-
hyde and the like.

Many enzymes which can be used in these procedures are
known and can be utilized. The preferred are peroxidase,
B-glucuronidase. [-D-glucosidase, PB-D-galactosidase,
urease, glucose oxidase plus peroxidase. hexokinase plus
GPDase, RNAse, glucose oxidase plus alkaline phosphatase,
NAD oxidoreductase plus luciferase, phosphofructokinase
plus phosphoenol pyruvate carboxylase, aspartate ami-
notransferase plus phosphoenol pyruvate decarboxylase,
and alkaline phosphatase. U.S. Pat. Nos. 3,654.090; 3.850.
752; and 4,016.043 are referred to by way of example for
their disclosure of alternative Iabeling material and methods.
A particular enzymatic detecting material is anti-rabbit anti-
body prepared in goats and conjugated with alkaline phos-
phatase through an isothiocyanate.

A number of fluorescent materials are known and can be
utilized as labels. These include. for example, fluorescein.
rhodamine and auramine. A particular fluorescent detecting
material is anti-rabbit antibody prepared in goats and con-
jugated with fluorescein through an isothiocyanate.

The AGE-lipids may be used to produce antibody(ies) to
themselves which can be produced and isolated by standard
methods including the well known hybridoma techniques.
The antibody(ies) can be used in another species as through
they were antigen(s) to raise antibody(ies). Both types of
antibody(ies) can be used to determine the amount and
location of the AGE-lipids in lipid masses, whether in
foodstuffs, or in the mammalian body. For convenience, the
antibody(ies) to the AGE-lipids will be referred to herein as
Ab, and antibody(ies) raised in another species as Ab..

The degree of glycosylation in lipid masses suspected of
undergoing the same can be ascertained by the usual immu-
nological procedures applicable to such determinations. A
number of useful procedures are known. Three such proce-
dures which are especially useful utilize either the AGE-
lipid labeled with a detectable label, antibody Ab, labeled
with a detectable label, or antibody Ab, labeled with a
detectable label. The procedures may be summarized by the
following equations wherein the asterisk indicates that the
particle is labeled, and “Al” stands for the AGE-lipid:

A. Al*+Ab =Al*Ab,

B. AH-Ab,*=A]Ab,*

C. Al+Ab,+Ab,*=AlAb Ab,*

The procedures and their application are all familiar to
those skilled in the art and accordingly may be utilized

within the scope of the present invention. The “competitive”
procedure, Procedure A. is described in U.S. Pat. Nos.
3.654.090 and 3.850.752. Procedure C, the “sandwich”
Procedure, is described in U.S. Pat. Nos. RE 31.006 and
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4.016.043. Still other procedures are known such as the
“Double antibody”. or “DASP” procedure.

In each instance, the AGE-lipid substance forms com-
plexes with one or more antibody(ies) or binding partners
and one member of the complex is labeled with a detectable
label. The fact that a complex has formed and. if desired. the
amount thereof, can be determined by known methods
applicable to the detection of labels.

It will be seen from the above, that a characteristic
property of Ab, is that it will react with Ab,. This is because
Ab; raised in one mammalian species has been used in
another species as an antigen to raise the antibody Ab,. For
¢xample, Ab, may be raised in rabbits and Ab, may be raised
in goats using Ab, as an antigen. Ab, therefore would be
anti-rabbit antibody raised in goats.

Accordingly. a test kit may be prepared for the demon-
stration of AGE-lipids in a sample, whether in food or in
animals, comprising:

(a) a predetermined amount of at least one labeled immu-
nochemically reactive component obtained by the
direct or indirect attachment of AGE-lipids or an AGE
binding partner to a detectable label;

(b) other reagents; and

(c) directions for use of said kit.
More specifically, the diagnostic test kit may comprise:

(a) a known amount of the AGE-lipid (or a binding
partner) generally bound to a solid phase to form a
immunosorbent, or in the alternative, bound to a suit-
able tag. or plural such components., etc. (or their
binding partners) one of each;

(b) if necessary. other reagents; and

(¢) directions for use of said test kit.

In a further variation, the test kit may be prepared and
used for the purposes stated above, which operates accord-
ing to a predetermined protocol (e.g.. “competitive”,
“sandwich”, “double antibody”. etc.). and comprises:

a. a labeled component which has been obtained by

coupling a AGE-lipid or a binding partner thereof to a
detectable label;

b. one or more additional immunochemical reagents of
which at least one reagent is a binding partner or an

immobilized binding partner, which binding partner is

selected from the group consisting of:

(1) a binding partner capable of binding with the labeled
component (a);

(i) a binding partner capable of binding with a binding
partner of the labeled component (a);

(iii) a binding partner capable of binding with at least
one of the component(s) to be determined; and

(iv) a binding partner capable of binding with at least
one of the binding partners of at least one of the
component(s) to be determined; and

(c) directions for the performance of a protocol for the

detection and/or determination of one or more compo-
nents of an immunochemical reaction between the
AGE-lipid and a specific binding partner thereto.

By example, a solid phase assay system or kit may
comprise the solid substrate with either bound binding
partner and labeled AGE-lipid or bound AGE-lipid and
labeled binding partner. A sample to be assayed is then

placed in contact with the bound and unbound reagent and
a competitive reaction between the labeled material and any

unlabeled binding partner(s) in the sample will cause the
retention of a dependent quantity of the former on the solid
substrate, whereupon it can be precisely quantitatively iden-
tified. The foregoing explanation of a particular competitive
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assay system is presented herein for purposes of illustration
only. in fulfillment of the duty to present an enabling
disclosure of the invention. It is to be understood that the
present invention contemplates a variety of diagnostic pro-
tocols within its spirit and scope.

As discussed earlier, the present invention includes poten-
tial methods for treating lipids undergoing glycosylation in
an effort to retard if not totally inhibit the progress of the
Maillard and non-enzymatic glycosylation processes. The
method comprises the development of antagonists that when
administered to the glycosylating lipid mass. serve by their
structure and/or reactivity, to inhibit rather than facilitate the
continued glycosylation of the lipid.

For example, the AGE-lipids of this invention can be
utilized as adjuvants due to their cross-linking potential with
antigens and also as macrophage stimulants to activate the
macrophage to effect removal of AGEs. When a lipid-AGE
is utilized as an adjuvant it is reacted or cross-linked with an
antigen that is “weak”. The addition of AGE-lipid to the
antigen produces an antigen which produces a strong reac-
tion due to the presence of the AGE-lipid portion, thus
increasing the immunogenicity of the original antigen. The
invention 1s not limited to this methodology, but rather
encompasses it within its scope.

As noted earlier. phagocytic cells are capable of recog-
nizing and removing abnormal macromolecules by means of
receptors on their surfaces which recognize specific chemi-
cal structures and bind them. Once the abnormal macromol-
ecule 1s recognized in this way. the phagocytic cell may
internalize the macromolecule and may then degrade it. In
some instances, the phagocytic cell may in addition secrete
enzymes and other factors to help degrade the molecule or
particle extracellularly if it cannot be internalized or to
produce other cells to participate in such degradation. After
the damaged protein is removed. new growth of normal
tissue can ensue, and normal function of the affected area
may resume.

Phagocytic cells in the body comprise numerous types of
white blood cells. One type of white blood cell, the
monocyte, is produced in the bone marrow, and circulates
briefly in the blood and thereafter enters the tissues where it
becomes a macrophage.

As discussed earlier, the present invention extends to the
discovery that the phagocytic celis including monocytes and
macrophages can be modified by exposure to stimulator
compounds that potentiate the capability of these cells with
respect to their recognition and affinity for, and capability to
degrade advanced glycosylation end products. In particular,
the exposure of these cells to certain stimulator compounds
has been found to increase the number of receptors devel-
oped on these cells and to thereby increase the capacity and
efliciency of these cells with respect to the recognition and
degradation of advanced glycosylation endproducts. The
AQGE-lipids of the present invention can function as stimu-
lator compounds.

Accordingly. the method of the present invention gener-
ally comprises exposing the animal body to stimulator
AGE-lipids, which cause the body, and its phagocytic cells
in particular to become activated and to increase the recog-
nition and removal of target macromolecules that have
undergone advanced glycosylation.

Various methods of treatment and use are applicable
herein. One preferred use is for the treatment or removal of
proteinaceous or fatty deposits such as amyloids or lipofus-
cin in a mammal. The AGE-lipid, an antibody to AGE-lipids.
or a compound which inhibits the formation of AGE-lipids
1s administered to the mammal in need of such treatment in
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an amount effective to treat, remove or cause the removal of
said lipofuscin.

Another preterred use is ftor the treatment or prevention of
skin disorders, e.g.. wrinkling. The AGE-Lipid. an antibody
to AGE-lipids, or a compound which inhibits the formation
of AGE-lipids can be administered to the mammal in an
amount effective for the treatment or prevention of wrin-
kling. All forms of administration are possible, with the most
preferred route of administration being topical application in
a pharmaceutically acceptable dosage form.

Without limiting the invention to a particular mechanism
of action. the AGE-lipid may act directly. having a positive
or negative metabolic effect, or indirectly, such as by affect-
ing the activity of, e.g.. cytokines or macrophage cells or
immunological mediators. for instance, which in turn may
cause the desired therapeutic effect.

Also as stated earlier. the invention extends to the dis-
covery that certain compounds that have previously been
identified as inhibitors of the advanced glycosylation of
proteins. also inhibit the formation of lipid advanced gly-
cosylation endproducts and. further, react directly with
malonyl-dialdehyde-like fatty acid oxidation products.
These inhibitors of advanced glycosylation endproduct for-
mation in proteins are broadly set forth in U.S. Pat. No.
4,758.583. the disclosure of which is incorporated herein by
reference. These compounds include compounds that react
with a carbonyl moiety of an early glycosylation product.
Representative of such advanced glycosylation inhibitors
are aminoguanidine, lysine and o-hydrazinohistidine.

In addition to these specific compounds, other agents
capable of inhibiting the advanced glycosylation or proteins
have likewise been identified and are also utilizable to
similarly inhibit the advanced glycosylation of lipids. These
agents are set forth in U.S. Pat. Nos. 4,508.446; 4,983.604;
5,140.048; 5.175.,192; 5.114.943; 5.137.916; 5.130.337;
5.100.919; and 5.106.877. the disclosures of which are
likewise incorporated herein by reference.

Accordingly. such compounds include a variety of hydra-
zine derivatives having. for example. a generic formula as
follows:

flh
R—N-—NH;

wherein R is a group of the formula

RN

N=C

/\

Rs TI'I—'R:a
R3

and R, is hydrogen or a lower alkyl group of 1-6 carbon
atoms, a hydroxyethyl group. or together with R, or R, may
be a lower alkylene bridge of 2-4 carbon atoms; R, is
hydrogen, amino, hydroxy, a lower alkyl group of 1-6
carbon atoms, or together with R, or R, is a lower alkylene
bridge of 24 carbon atoms; R, may also be an aminoalky-
lene group of the formula

~—(CHz)n """qu —Rs

R

wherein n is an integer of 2-7 and R and R, are indepen-
dently a lower alkyl group of 1-6 carbon atoms or together
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form a part of a cycloalkyl or heterocyclic ring containing
from 1 to 2 heteroatoms. of which at least one is nitrogen,
and the second of said heteroatoms is selected from the
group consisting of nitrogen. oxygen. and sulfur; with the
proviso that when the second of said heteroatoms of the
heterocyclic ring is nitrogen and forms a piperazine ring; it
may be optionally substituted by a substituent that is iden-
tical to the portion of the compound on the first nitrogen of
the piperazine ring; R, is hydrogen. a lower alkyl group of
1-6 carbon atoms. or together with R, or R, is a lower
alkylene bridge of 2-4 carbon atoms; R, 1s hydrogen. a
lower alkyl group of 1-6 carbon atoms or together with R,
or R, is a lower alkylene bridge of 2-4 carbon atoms; or an
amino group; R, is hydrogen. or a lower alkyl group of 1-6
carbon atoms; with the proviso that at least one of R, . R..
R.. R, or R is other than hydrogen; or R is an acyl or a
lower alkylsulfonyl group of up to 10 carbon atoms and R
is hydrogen; and their pharmaceutically acceptable acid
addition salts.

The lower alkyl and lower alkoxy groups referred to
herein contain 1-6 carbon atoms and include methyl.
methoxy. ethyl. ethoxy. propyl. propoxy. butyl. butoxy.
pentyl. pentyloxy. hexyl, hexyloxy and the corresponding
branched chain isomers thereof.

The acyl portion referred to herein is a residue of lower
alkyl, aryl. and heteroaryl carboxylic acids containing 2~10
carbon atoms. They are typified by acetyl, propionyl,
butanoyl. valeryl, hexanoyl and the corresponding higher
chain and branched chain analogs thereof. The acyl radicals
may also contain one or more double bonds and/or an

additional acid functional group. e.g.. glutaryl or succinyl.
The heteroaryl groups referred to above encompass aromatic
heterocyclic groups containing 3—6 carbon atoms and one or
more heteroatoms such as oxygen, nitrogen or sulfur.

The lower alkyl sulfonyl groups of the compounds of this
invention are those containing from 1 to 7 carbon atoms and
are typified by methylsulfonyl. ethylsulfonyl,
n-propylsulfonyl. t-butylsulfonyl and the like.

The term “aryl” as used herein refers to phenyl and lower
alkyl substituted phenyl groups containing 6-10 carbon
atoms and substituted by one or more substituent groups
selected from among chloro, bromo, fluoro, carboxy. lower
alkyl. hydroxy. or lower monoalkylamino., lower
dialkylamino. and lower alkoxy.

Accordingly, where identified herein, the term “inhibitors
of advanced glycosylation™ is intended to encompass both
the compounds such as aminoguanidine, lysine and
o-hydrazinohistidine, and other agents as generically
expressed hereinabove and as may be contained in other
related patent applications and patents issued subsequently
to U.S. Pat. No. 4,983,604 and having reference thereto.

A further aspect of the present invention relates to the role
of the above compounds and their apalogs in the treatment
of stroke and related maladies. such as those involving
reperfusion injury or ischemia. As stated earlier and as
demonstrated by data presented hereinafter, it has been
found that AGE-modified proteins or peptides are neurotoxic
factors that amplify the volume of permanent damage and
necrosis following focal cerebral ischemia. The results of
experiments shown in the Examples below indicate that
administration of AGESs in clinically relevant amounts con-

verted a typically small cerebral infarction following experi-
mental occlusion of a middle cerebral artery into a signifi-

cantly larger stroke. The magnitude of AGE neurotoxicity
depended on the dose of AGEs administered, and the timing
of administration. Aminoguanidine, an inhibitor of AGE
cross-linking. prevented this apparent neurotoxicity of exog-
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enous AGEs. Thus, the neurotoxicity-potentiating effects of
AGE:s contribute importantly to the pathogenesis of diabetic
stroke. and that aminoguanidine effectively antagonizes
AGE-mediated increases in infarct volume. The results
presented herein demonstrate that aminoguanidine exerts a
therapeutic effect and beneficially limits or reduces eventual
infarct size and severity. unexpectedly even in instances
where AGE levels are not abnormally elevated.

In accordance with these findings, the present invention
extends to the treatment of stroke by the administration of a
stroke-ameliorating or stroke-inhibiting amount of an agent
capable of at least partially preventing brain damage., or
averting the occurrence or reducing the size and severity of
an ischemic infarct due. for example. to stroke. aneurism,
cerebrovascular accident, apoplexy or other trauma. While
not wishing to be bound to a specific theory of action. it is
submitted that the activity of aminoguanidine in this
instance may proceed in a manner that may or may not relate
to the concentration of AGEs in the host or patient. In this
context, it is possible and consequently within the scope of
the invention that the stroke reducing or inhibiting activity
of the present agents may proceed in an AGE-dependent or
AGE-independent manner.

The present invention therefore extends to methods for
the treatment of stroke and to corresponding pharmaceutical
compositions, comprising and including without limitation
as active ingredients the inhibitors of advanced glycosyla-
tion enumerated herein, such as aminoguanidine. lysine,
o-hydrazinohistidine, and the analogs thereof.

Within minutes after cessation of local cerebral blood
flow., a region of densely ischemic brain tissue becomes
infarcted and dies. This infarcted core is surrounded
however, by a zone of ischemic but potentially viable tissue
termed the “ischemic penumbra.” which receives subopti-
mal perfusion via collateral blood vessels. The volume of the
penumbra that ultimately becomes infarcted after an acute
arterial occlusion is determined by a variety of factors that
mediate neurotoxicity within this zone during the hours
following interrupted blood flow. The nature of these factors
(including glutamate, superoxide radicals, and nitric oxide)
is only partially understood. as are the complex interactions
that will determine whether ischemic tissue will die or
recover. Some of these factors are intrinsic to the locus of
ischemia, and others are delivered to the penumbra via the
circulation. The net result of signalling interactions between
these factors can greatly enhance neuronal cytotoXicity in
the ischemic penumbra, causing a significantly larger vol-
ume of brain damage and necrosis, with corresponding
increases in functional damage. The present results indicate
that AGE-proteins, which are intrinsic to normal tissues and
serum and significantly increased in senescence and
diabetes, are neurotoxic in the ischemic penumbra, and may
participate in mediating increased volumes of cerebral inf-
arction during focal cerebral ischemia.

The molecular basis of AGE-mediated neurotoxicity is
unknown, but one possible mechanism is through AGE-
mediated induction of secondary signalling pathways. It has
previously been shown that cellular recognition and uptake
of AGE-modified molecules induces the expression of
mRNA for TNFa., IL-1. IL-6. and other growth factors, and
the production of reactive oxygenm intermediates. These
cytokine and reactive oxygen intermediates have been impli-
cated in increasing tissue injury during ischemia. The AGE-
mediated induction of these mediators is down-regulated
within hours, which may account for a window of maximal
neurotoxicity within hours after exposure to AGEs.
Although serum TNFq levels were not elevated in the



5.801.200

25

present study. it is plausible that the neurotoxicity of AGEs
is mediated through TNFo or another secondary signal
produced locally in tissues. This proposed mechanism is also
consistent with the findings that AGEs administered 24
hours before interruption of cerebral blood flow do not
enhance stroke volume, presumably because the short-lived
AGE-induced signals are already downregulated before the
tissue is made ischemic. When administered 30 minutes
after the artery has already been occluded. the AGE-proteins
would presumably have only restricted vascular access to
the ischemic region. and may not have triggered the pro-
duction of sufficient neurotoxic secondary signals so as to
significantly affect infarct size. The molecular identity of
putative secondary neurotoxic mediator(s) induced by AGE-
proteins is presently under investigation.

Previous studies addressing the pathogenesis of increased
stroke size in diabetic patients have implicated a number of
factors including increased procoagulant activities, micro-
and macro-angiopathy, hyperlipidemia, decreased red blood
cell deformability, impairment of cerebrovascular
autoregulation. and hyperglycemia. These studies indicate
that AGEs may also participate in the development of
increased cerebral infarct damage in diabetics. AGE levels
are known to be increased in serum proteins and hipoproteins
(LDL) of diabetic patients with or without renal dysfunction.
From the present data it can now be predicted that the onset
of cerebral ischemia in a patient with elevated serum AGE
levels would be associated with the development of a larger
cerebral infarction than would otherwise occur. Further,
serum AGE-protein or AGE-ApoB/LDL levels can be used
clinically to identify a subpopulation of diabetic patients at
increased risk for catastrophic stroke.

Aminoguanidine has previously been shown to reduce the
accumulation of exogenously administered AGE-peptides in
the extravascular space (52-54). The present results now
suggest that aminoguanidine also confers protection against
the neurotoxic effects of AGEs in focal cerebral ischemia.
Although the molecular mechanism of neuroprotection has
not been precisely determined in this study, it is plausible
that by reducing AGE-protein cross-linking with basement
membrane proteins, aminoguanidine reduced the production
of secondary neurotoxic signals. Another possible neuropro-
tective mechanism of aminoguanidine is by inhibiting the
inducible form of nitric oxide synthase (iNOS), since nitric
oxide has been implicated in mediating neuronal cell death
during cerebral infarction. Recent investigations by Iadecola
et al.. Soc. Neurosci. Abst., 20, 1479 (1994) of the role of NO
in focal stroke however, indicate that the expression of INOS
does not begin to increase until nearly 24 hours after the
onset of cerebral ischemia. To the contrary, the present study
shows an acute neuroprotective effect of aminoguanidine
administered during the early periods of ischemia (and well
before the reported period for increases in INOS). so that it
is unlikely that the protective effects of aminoguanidine
were due to inhibiting INOS. Further evidence suggesting
that the effects of aminoguanidine were independent of NOS
inhibition can be determined from our observations that
aminoguanidine did not prevent the AGE-mediated
increases 1n regional cerebral blood flow. To the extent that
this redistribution of blood flow 1s mediated by nitric oxide,
aminoguanidine did not attenuate the NOS activity present
in cerebral blood vessels.

A further mechanism for the neuroprotective effects of
aminoguanidine is through its activity in abolishing the
toxicity of polyamine metabolism by inhibiting the forma-
tion of toxic aldehydes. Since the oxidation of polyamines is
enhanced in cerebral ischemia. and the production of these
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toxic metabolites further enhances neuronal killing. it has
been determined that the neuroprotective effects of ami-
noguanidine are also the result of inhibition of polyamine
metabolism in focal cerebral ischemia. This potential
mechanism of aminoguanidine-mediated neuroprotection
may be effective even in the absence of exogenously added
or abnormally elevated AGE levels. AGE-modified proteins
and peptides are detectable in the circulation of normal
(non-diabetic. non-senescent) animals including humans,
and we have recently found that aminoguanidine attenuates
focal cerebral infarction in normal animals during more
prolonged ischemia (68). Thus, there may be more than one
independent protective mechanism for aminoguanidine in
stroke, since during the later stages of infarction. up to 48
hours after arterial interruption, the neuroprotective effects
of aminoguanidine may be mediated by inhibition of iNOS.

The present invention thus includes a method a screening
for an agent capable of providing a neuroprotective effect
and thus reducing the size and severity of infarct size in
stroke which comprises administering a test agent concur-
rent with, or subsequent to, an infarct-producing amount of
a polyamine and measuring the resultant decrease in infarct
size vis-a-vis a control dose of the infarct-producing amount
of the polyamine.

In the first group of examples that follow. the effect of
AGE-lipids on atherogenesis was demonstrated by the reac-
tion of glucose with the amine-containing lipid, phosphati-
dylethanolamine (PE). In the presence of EDTA., a nitrogen
atmosphere. and at physiological pH and temperature. glu-
cose (5-500 mM) reacts with PE in a time- and
concentration-dependent manner to form lipid-soluble prod-
ucts with the spectroscopic properties of AGE:s.

AGE formation induced fatty acid oxidation with reaction
kinetics that paralleled AGE-associated absorbance and
fluorescence. Incubation of glucose with phosphatidylcho-
Iine (PC). in which the amine is blocked and unable to react
with glucose to initiate AGE formation, resulted in neither
spectroscopic changes nor fatty acid oxidation.

Aminoguanidine prevented lipid-AGE formation and
lipid oxidation of PE. Again without limiting the invention
to a specific reaction mechanism, aminoguanidine may have
inhibited fatty acid oxidation by two mechanisms: first. the
formation of lipid-associated AGEs was inhibited. Second,
the direct reaction with malonyl dialdehyde-like fatty acid
oxidation products was inhibited. Lipids containing reactive
groups. e.g.. primary amino groups therefore react readily
with reducing sugars to form AGEs and this induces fatty
acid oxidation. Aminoguanidine inhibited the formation of
lipid associated AGEs and reacts directly with malonyl-
dialdehyde like fatty acid oxidation products.

In Examples 10-12, the activity of aminoguanidine in the
lessening of the effects of stroke is presented and demon-
strated.

Further details of the above and additional studies are
presented below.

EXAMPLE 1

To ascertain whether and to what extent lipids are capabile
of reacting to form advanced glycosylation endproducts, the
lipids phosphatidylethanolamine and phosphatidylcholine
were placed into contact with a sugar, preferably a reducing
sugar, and allowed to incubate together. Aliquots of the
incubation mixture were thereafter assayed as described
below. for evidence of the presence of lipid-associated or
lipid-attached AGEs. The accumulation of AGEs indicates
spontaneous formation of AGE-lipids by non-enzymatically
mediated chemical reactions between lipid and sugar pre-
cursor compounds.
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Methods

Lipid in the form of phosphatidylethanolamine (PE::L-o-
phosphatidylethanolamine. dioleoyl) (1.2-dif(cis)-9-
octadecenoyl]-sn-glycero-3-phosphoethanolamine) or phos-
phatidyicholine (PC) (L-u-phosphatidylcholine. dioleoyl)
1.2-di}(cis)-9-octadecenoyl |-sn-glycero-3-phosphocholine
was incubated with glucose (Glu) (L-D-glucose) as follows:
Ten mg of PE or PC in CHCI, solution was evaporated to
dryness. To this sample was added 1 ml of glucose (0.5M)
in NaPQ, buffer (100 mM. pH 7.4) containing EDTA (1
mM). This solution was previously deaerated by freecze/
thawing and saturating the solution with N, gas. The dried
lipid was dispersed in the glucose solution by immersing the
sealed tube in a bath sonicator for 30 minutes. Tubes where
then placed at 37° C., in the dark. and incubated for the
indicated period of time. At intervals. separate tubes con-
tinuing parallel incubations (aliquots) were removed, and
the lipids extracted for analysis as follows.

Aliquots were shaken with 1 ml of chloroform/methanol
(2:1) for ten minutes. After removal of the organic layer. this
extraction was repeated twice. The organic layer was then
back extracted twice with ice cold. deaerated H,O. After
evaporation, lipids were redissolved in chloroform/methanol
(1:1) and analyzed by absorption spectroscopy (ODoo0 00
or OD,,; or fluorescence spectroscopy (excitation wave-
length (Ex) 360 nm. emission wavelength (Em) 440 nm).

The results are shown in FIGS. 1 and 2. FIG. 1 shows the
time dependent increase in absorbency at 360 nm. which
absorbency is characteristic of AGEs and AGE-containing
compounds. As shown FIG. 1, incubation of PE with glucose
leads to a significant accumulation of material with AGE-
typical absorbance, but incubation of the PC with glucose
produces almost none. This result suggests that the free
amino group represented in PE may be required for AGE
formation while the blocked amino group of PC lacks the
reactivity to make AGE formation possible.

FIG. 1 indicates that formation of OD,,, material depends
on glucose concentration; less AGE-specific absorbance is
found after incubation of PE with 50 mM glucose than after
parallel incubations with 500 mM glucose.

FIG. 1 also indicates that aminoguanidine, an inhibitor of
AGE formation on proteins, inhibits AGE-lipid formation as
indicated by lower AGE-specific OD,., values in incuba-
tions for PE with 0.5M glucose and 0.1M aminoguanidine
than in parallel incubations of PE and glucose without
aminoguanidine,

FIG. 2 shows parallel measurements of fluorescence
intensity on the same sets of samples. The results and
conclusions are as above. AGE-lipids form spontaneously in
incubations of PE and glucose, but not in incabations of PC
and glucose. AGE-lipid formation is glucose concentration-
dependent, and aminoguanidine inhibits AGE-lipid forma-
tion as monitored by the accumulation of AGE-typical
fluorescence material.

FIG. 4 shows the changes in the ultraviolet and visible
absorbance spectrum (200-500 nm) that occur over time
when PE is incubated with 0.5M glucose as described above.
These changes are characteristic of the formation of AGEs
and AGE-like chromophores. FIG. 4 shows that more AGE-
typical UV absorbance occurs with progressively longer
incubations.

FIGS. 5 and 6 show the dependence of AGE-lipid for-
mation on glucose concentration in the incubation mixture.

Incubation of PE with glucose for 50 days leads to AGE-
specific absorbance (FIG. §); and fluorescence (FIG. 6). The
glucose concentration dependence of lipid oxidation is
shown 1n FIG. 7.
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EXAMPLE 2

To demonstrate that AGE-lipid formation is associated

with changes in lipid oxidation. the accumulation of malo-
nyldialdehyde (MDA)-like oxidation products was mea-
sured In samples from the incubations described above.

Methods

Lipid peroxidation products were quantified by the
thiobarbituric acid reactive substances methods (TBARS:
PROC. NATL. ACAD. SCI USA 81:3883-3887). Briefly, 0.1
ml of lipid extract was added to 0.2 ml of TBA reagent
(0.37% thiobarbituric acid. 10% trichloroacetic acid) and
heated to 100° C. for 30 minutes. n-Butanol extractable
material (1 ml) was then analyzed by fluorescence spectros-
copy (emission at 553 nm upon excitation at 515 nm).
Thiobarbituric acid-reactive substances were quantitated by
comparison of duplicate experimental samples to an MDA
standard curve that was obtained by assaying in duplicate.
0.1-20 nmole of MDA. Oxidative modification values are
expressed as MDA equivalents (pmMDA(eq)/ug lipid).
Results

FIGS. 3 and 7 show that lipid oxidation increased in
conjunction with AGE-lipid formation. Specifically, incuba-
tion of PE with glucose led to lipid oxidation in a time- (FIG.
3) and glucose concentration- (FIG. 7) dependent fashion.
Incubations of PC with glucose led to little or no lipid
oxidation (FIG. 3), and aminoguanidine inhibited oxidation
of lipid in PE/glucose incubations (FIG. 3).

EXAMPLE 3

The formation of AGEs on lipids was additionally
assessed by AGE-specific ELISA.

Methods

Lipids (PE or PC) were incubated with glucose as
described above. AGE content was quantitated by ELISA
using a specific anti-AGE antibody (see Makita et al., J.
BIOL. CHEM. (1992). 267:5133-5138). Protein-linked
AGEs were measured by competitive ELISA utilizing an
AGE standard synthesized by incubation of glucose with
BSA. In this ELISA, 1.0 U of AGE activity is defined as the
amount of antibody-reactive material that is equivalent to
1.0 pg of AGE-BSA standard. Lipid-derived AGEs were
measured in a direct. non-competitive ELISA as follows. For
each sample, triplicate 100 pl aliquots of lipid-soluble mate-
rial (dissolved in methanol) were added to round-bottom, 96
well plates and the solvent evaporated. The wells then were
washed three times with PB5/0.05% Tween-20. Antiserum
(final dilution 1/1000) was added, the plates were incubated
for 1 hour at room temperature, and the wells washed and
processed as described for the competitive ELISA. Control
samples were developed with pre-immune serum in place of
anti-AGE antiserum. Results were quantitated with refer-
ence to a standard curve that was obtained by assaying
dilutions of AGE-BSA standard that were absorbed to plates
in a concentration range from 0.3 ng/ml to 3 pg/ml.

Results

Table 1 shows the formation of AGE-lipids from phos-
phatidylethanolamine versus the control lipid phosphatidyl-
choline (in which the amino group is blocked and thus
thought to be prevented from reacting with the reducing

sugar glucose).
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TABLE 1
Incubation Time AGE, Units/mg lipid
Days PE * glucose PC + glucose

0 <0.005 <0.005
10 (.024 £ 0.003 <0.005
20 0.20 +0.03 <0.005
30 0.13 +£0.02 <0.005
40 0.15+002 <0.005
50 0.13 £ 0.02 <0.005

EXAMPLE 4

Reaction between aminoguanidine and malonyldialdehyde

Example 2 showed that AGE-lipid formation is accom-
panied by a parallel increase in lipid oxidation as measured
by an increase in the concentration of MDA-like substances.
It 1s notable that this oxidation of lipids occurred without
added metals, such as copper. which are commonly
employed to initiate lipid oxidation. Additionally, the above
examples indicate that aminoguanidine prevents both AGE-
lipid formation and lipid oxidation.

To demonstrate that aminoguanidine can react directly
with MDA-like aldehydes to prevent their reaction with
proteins. aminoguanidine was incubated with MDA.
Methods

Malonyldialdehyde (MDA) standard solutions (0.5 ml)
were prepared by dilution of malonaldehyde bis(diethyl
acetal) into H,O. Aminoguanidine HCI (0.5 ml) was added.
tollowed by 0.2 ml of the TBA reagent described above. The
solution was incubated at room temperature for 10 minutes
and TBARS measured by specific fluorescence as described
hereinabove.

Results

The results are shown in FIGS. 8A and B. FIG. 8A shows
the progressive inhibition of thiobarbiturate reactivity of
MDA (indicated by relative fluorescence) by increasing
amounts of aminoguanidine. Thus., aminoguanidine may
inhibit protein modification by lipid oxidation products by
quenching reactive aldehydes before the latter can partici-
pate extensively in subsequent modification of protein
amino groups.

FIG. 8B plots one of the latter data sets from FIG. 8A.
illustrating the increase in inhibition (A) of the fixed initial
amount (10 mM MDA) of thiobarbiturate activity by
increasing concentrations of added aminoguanidine.

EXAMPLE 5

To define further the relationship between advanced gly-
cosylation and LDL oxidation in vivo, LDL was isolated
from plasma obtained from either non-diabetic or diabetic
individuals and analyzed for the presence of lipid-AGEs,
apoprotein-AGEs. and oxidative modification. These speci-
mens were obtained from § normoglycemic, non-diabetic
controls and 16 patients with Type I or Type I diabetes
mellitus.

Methods

Plasma LDL (d=1.025-1.063 g/ml) was isolated from
healthy, non-hyperglycemic individuals and patients with
diabetes mellitus by sequential ultracentrifugation, using 2.7
mM EDTA. The isolated and re-centrifuged LDL was dia-
lyzed extensively against PBS containing 2.7 mM EDTA
and 0.2 mM BHT. LDL was sterile filtered before further use
and the protein content determined by the Lowry method.
The non-diabetic patient group (n=8) had a mean age of
34.629.6 years. The diabetic group (n=16) consisted of §
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patients with Type I diabetes and 11 patients with Type II
diabetes. The mean age was 55.5216.3 years and the mean
duration of diabetes was 11.9%5.6 years. The mean hemo-
globin A, level was 10.0%%1.7%. The P values were
calculated by the unpaired Student’s t-test statistic for com-
parison between groups.
Results

The LDL was analyzed for oxidative modification and
then fractionated into lipid and apoprotein components for
AGE-ELISA measurements (FIG. 9). In agreement with
prior studies, LDL from diabetic individuals was observed to
have undergone significantly greater oxidative modification
than the LDL from non-diabetic individuals [ Normal. Non-
diabetics (NL): (n=8) 3.7¢1.25 pm MDA equivalents/ug
LDL; Diabetics (DM): (n=16) 6.8+1.2 pm MDA
cquivalents/ug LDL (Mean = SD). P<0.0001)]. Of
significance, both the lipid- and the apoprotein-linked AGEs
in the diabetic LDL specimens were found to be markedly
elevated when compared to the LDL specimens obtained
from non-diabetic individuals. Lipid-AGE levels were
elevated almost 4-fold in diabetic patients [Normal. non-
diabetic (NL): (n=8) 0.11+0.03 Units of AGE/ug lipid;
Diabetics (DM): (n=16) 0.41+0.25 Units of AGE/pg lipid.
P<0.005)}. Apoprotein-AGE levels were increased approxi-
mately 2-fold in the diabetic samples [NL: (n=$§)
0.00281+0.0006 Units of AGE/ug apoprotein; DM: (n=16)
0.0068+0.004 Units of AGE/pg apoprotein, P<0.0001)].

These measurements revealed a similar quantitative ratio
between LDL oxidation and the level of AGE-lipid and
AGE-apoprotein that was similar to that observed during
LDL incubation in vitro (FIG. 10). There also appeared to be
a marked increase in the level of lipid-AGE:s relative to the
level of apoprotein-associated AGEs. Linear regression
analysis of these data revealed significant correlation
between the level AGE modification and LDL oxidation. For
the measurement of AGE-apoprotein versus LDL oxidation.
this analysis showed a correlation coefficient of r=0.52 and
P<0.01. For AGE-lipid versus LDL oxidation, the corre-
sponding values were r=0.63 and P<(.005.

EXAMPLE 6

It was also postulated that comtiguous basic residues
(Arg-Lys-Arg) within the receptor-binding domain of apo B
might serve as a reactive site for AGE formation. thus
preventing normal pathways of LDL clearance. To begin to
address this hypothesis, LDL levels were examined in 10
diabetic patients enrolled in a 28-day trial of aminoguani-
dine (AG). a pharmacological inhibitor of advanced glyco-
sylation.

LDL levels in 10 diabetic patients enrolled in a 28-day
trial of aminoguanidine (AG) were measured by the AGE-
specific ELISA of Example 3. The efficacy of AG therapy
was assessed by reduction in the level of hemoglobin-AGE
(Hb-AGE), a circulating marker of advanced glycosylation.
The results are given in FIG. 14 and Table 2. below. Table
2 also includes additional data relating to Hb-AGE.

TABLE 2

Patient Group Hb-AGE LDL

Placebo 8.9 + 0.6% reduction 2.0 + 0.2% reduction
AG Treatment 27.5 + 1.6% reduction 29.8 1+ 3.1% reduction
Mean + SD, Mean * SD,
p < 0.0025 p < (.002

m

Inhibition of AGE formation was associated with a 30%
decrease in LDL levels. as illustrated in FIG. 14.
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This study suggests that the advanced glycosylation may
account for elevated LDL levels, and that aminoguanidine
therapy may serve to improve LDL clearance and diminish
the risk of atherogenesis in diabetic patients.

EXAMPLE 7

To determine whether human AGE-peptides can react
with plasma lipoproteins, AGE-peptides isolated from dia-
betic sera were incubated with human LDL, in the presence
or absence of the AGE-inhibitor aminoguanidine (300 mM)
for 14 days and the results compared to controls (LDL only)
and a parallel incubation of LDL with glucose. AGE levels
in apo B and in lipid fractions of LDL were measured by the
AGE-specific ELISA procedure of Example 3. and the
results given below in Table 3. and in FIGS. 11A and 11B.
In addition. LDL oxidation was measured as in Example 4.
and the AGE-formation was found to parallel LDL-
oxidation.

As shown in Table 3 below. marked increases in AGE
content of apo B, and of lipid fraction of LDL were noted as
a function of time compared to control samples. These
values far exceeded those obtained using glucose. AGE-
formation paralleled LDL oxidation. In the presence of the
AGE-inhibitor aminoguanidine, AGE-formation. as well as
lipid oxidation, was markedly inhibited.

In conclusion, circulating AGE-peptides are an important
in vivo source of AGE-lipids. and oxidative modification of
plasma LDL. in excess of and independent of glucose.
Aminoguanidine may be of therapeutic benefit in diabetics,
where elevated AGE-peptide levels and hyperlipidemia may
be causally linked to accelerated atherosclerosis.

TABLE 3
W
Oxidized
Sample AGE Level IDL Level
M
Control (LDL only) Apc B 2.0 AGE U/mg 3 nmoles
bipid 130 AGE U/mg MDA/mg
Glucose (100 mM) + Apc B lipid 7 AGE U/mg
LDL lipid 630 AGE U/mg
LDL + AGE-peptides Apo B 47 AGE U/mg 356 nmoles
lipid 2200 AGE U/mg MDA/mg
LDL + AGE-peptides + Apo B 7 AGE U/mg 12 nmoles
AG lipid 290 AGE U/mg MDA/mg
EXAMPLE 8

The AGE-specific ELISA of Example 3 was used to
measure AGE moieties attached to the apo B and lipid
components of LDL isolated from normal controls (n=17)
and diabetic patients (n=43). The results are shown below in
Table 4. Additional data reflecting the study of lipid oxida-
tion in these patient samples are presented in FIGS.
12A-12C.

TABLE 4
M
Patient Type AGE level (lipid) AGE level ApoB
M
Control 109 AGE U/mg 2.9 AGE U/mg
Diabetic patients with none 317 AGE U/mg 4,6 AGE U/mg
or single complicattons p < 0.005 p < 0.001
Diabetic patients with 552 AGE Ulmg 8.4 AGE U/mg
muitiple complications p < 0001 p < 0.001
Diabetic patients with severe 3270 AGE U/mg 71 AGE U/mg
diabetic nephropathy (ESRD) p < 0.001 p < 0.001

W

These data indicate that circulating AGE-LDL levels
correlate closely with the number and severity of diabetic
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complications and support an etiopathological relationship
between AGE-modification and both the micro- and macro-
vascular complications of diabetes since LDL from diabetic
patients with multiple complications contained five-fold
higher levels of AGE-lipid and almost three-fold higher
levels of AGE-apo B when compared to normal controls.
Diabetics with severe diabetic nephropathy (ESRD) showed
marked elevation of AGE-modified LDL when compared to
diabetic patients without renal involvernent.

The results also indicate the AGE-lipid modification was
associated with proportionally increased lipid oxidation
within each group of patients (non-diabetic: 3.7 nmoles/mg;
(0~1 complications): 5.2 nmoles/mg (>4 complications): 8.4
nmoles/mg [measured as nmole MDA equiv/img LDL].

EXAMPLE 9

An additional patient population was examined to provide
data cumulative with the data collected and evaluated in
Example 8. above. Accordingly., to determine levels of
circulating AGE-low density lipoprotein, apoprotein B.
plasma LDL was collected from the selected patients as
described in Example 8. Briefly, LDL was delipidated with
methanol-ether 1:3 (V/V). Apo B was digested by incubat-
ing at 37° C. for 24 hours by using Proteinase K. (1 mg/ml).
These samples were inactivated by heating at 70° C. for 1
hour, AGE levels were determined by ELISA as described in
Example 3. The resulits are presented in FIG. 13.

To obtain a measure of the in vivo “reactivity” of AGE-
peptides. AGE levels were determined on a short-lived
plasma protein, apoprotein B, in patients with and without
diabetes. As shown in FIG. 13. marked elevations of AGE-
Apo B were found in LDL from diabetic (mean 69.4321.7
AGE U/mg, p<0.0001), as well as non-diabetic patients with
ESRD (mean 27.6£16.5 AGE U/mg, p<0.0001) compared to
normals (2.840.5 AGE U/mg). and diabetics with normal
renal function (mean 3.9£1.0 AGE U/mg). Since non-
diabetics with ESRD are normoglycemic, with normal levels
of HbAlc. the data clearly suggest that glucose is not the
only source of AGE modification. This is confirmatory of the
observation noted in Example 8, above.

DISCUSSION

The data presented here provide an important link
between elevated levels of plasma AGEs and accelerated
vasculopathy associated with ESRD, consisting of the strik-
ing ability of endogenous AGE-peptides to “react” with key
proteins, such as collagen and lipoproteins. LDL apoprotein
B is a short-lived plasma protein, long implicated in athero-
genesis. The efficient generation of AGE-apo B by AGE-
peptides in vivo suggested a possible, in vivo marker for the
“toxicity” of AGE-peptides. The patient data on circulating
AGE-apo B supported this notion.

The level of AGE modification of plasma LDIL/Apo B in
patients with ESRD was significantly elevated compared to
the level of the normal subjects (ten-fold for non-diabetic
(ESRD) and twenty-five fold for diabetic (ESRD) patients).
Given the relatively short half-life of the LDL particle in
blood. the degree of AGE modification in ESRD patients
cannot be attributed solely to ambient glucose or other
“intermediate” glycosylation products found in plasma. The
contribution of these agents in the non-diabetic ESRD
patients is also improbable given the normal glucose and
HbAlc levels in these non-diabetic patients. Instead. a
principal role can be attributed to the so-called “AGE-
peptides”. or low molecular weight blood-borne AGE-
modified species. This is supported by the relatively elevated
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levels of AGE-peptide in ESRD patients. whether diabetic or
not. Further support is for this notion is provided by the
relatively modest elevations of AGE-Apo B in diabetic
patients with normal renal function. despite their hypergly-
cemia as reflected in elevated HbAlc.

This interpretation is consistent with the argument that the
absence of renal function plays a more important role in total
serum AGE accumulation than an increased rate of AGE
formation due to hyperglycemia. It is further supported by
the findings indicating the clearance of serum AGE:s by the
kidneys. as measured by urinary excretion, does not differ
significantly between normal and diabetics, as long as renal
function is preserved.

EXAMPLE 10

When a cerebral vessel is occluded by embolism or
thrombus, the extent of the resultant infarction 1s in part
dependent upon the severity of events occurring within the
ischemic penumbra. the shell of viable but hypoperfused
tissue with potential to survive that surrounds the anoxic and
densely infarcted core. Advances in stroke therapy have
focused on understanding the pathobiology of cytotoxic
factors in the penumbra in order to enhance neuronal sur-
vival. Diabetic patients are known to incur more severe
strokes than nondiabetics, but the mechanisms of increased
neuronal cytotoxicity in diabetic stroke are unknown.

Advanced glycosylation endproducts (AGEs) are
reactive, crosslinking. covalent adducts formed by the non-
enzymatic reactions of free glucose with protein amino
groups in tissues including brain and cerebral vessels. Dia-
betics have elevated circulating and tissue levels of AGEs
which have been implicated .in the genesis of diabetic
complications. For instance. AGEs have been shown to
induce capillary leakage. to increase cytokine production.
and to promote procoagulant activity on the endothelial
surface. Our experiments show that exogenously supplied
AQGEs cause a 9-fold increase in infarct size in a model of
focal cerebral ischemia. These data suggest that naturally
formed AGEs may play a role in the pathophysiology of
increased stroke in diabetics.

In an effort to inhibit the effects of AGEs on brain damage
in cerebral ischemia, aminoguanidine, a compound that
reacts with glycation adducts to prevent chemical
crosslinking, was employed. The results that follow suggest
that aminoguanidine significantly mitigates the stroke-
enhancing properties of exogenously supplied glycosylation
adducts. In addition, aminoguanidine decreases
experimentally-induced i1schemic infarct volume in the
absence of exogenous AGEs. suggesting a potential therapy
for stroke and related maladies involving or including
ischemia or reperfusion injury, that damage brain, heart,
bowel or other organs or tissues, including as examples.
peripheral vascular occlusion injury, diabetic retinopathy
and damage attendant to angioplasty.

MATERIALS AND METHODS

AGE-albumin was prepared by incubating glucose with
bovine serum albumin (Sigma, St. Louis, Mo.) and purifying
it by previously established methods. Aminoguanidine was
supplied by Regis Chemical Company, Morton Grove, Il

Male Lewis rats, 270-320 g, were anesthetized with
ketamine (120 mg/kg). Through a midline ventral cervical
incision, both common carotid arteries were exposed and the
right was ligated. In some experiments {where indicated) the
tail artery was cannulated to monitor mean arterial pressure
and heart rate and provide serial measurements of arterial
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pH. oxygen, carbon dioxide. and glucose. The right middle
cerebral artery was exposed through a 1 mm burr hole drilled
approximately 2 mm rostral to the fusion of the zygome with
the temporal bone, and elevated 1 mm from the rhinal fissure

where it was severed with a cautery. Within 5 minutes of
severing the artery, the left common carotid artery was
temporarily occluded for 30 minutes or 1 hour (see Table 5,
below). Twenty-four hours after experimentally-induced
ischemia, brains were removed and coronally sectioned at 1
mm intervals with a brain slicer. Slices were immersed in
2.3.5-triphanyltetrazolium (TTC) (2% in Na(l, 154 mM) for
30 minutes at 37° C. to stain viable tissue. Infarct volume
was determined by planimetry on projected images of pho-
tographed brain slices. and data expressed as a percentage of

total right hemisphere volume infarcted. Statistical analysis
on data was performed using a paired T-test.

RESULTS AND DISCUSSION

To examine whether aminoguanidine mitigates against
the stroke-enhancing effect of AGEs., we studied the eftect of
co-administration of AGE-modified albumin (AGE-alb) and
aminoguanidine on infarct size. and the effect of ami-

noguanidine on stroke in the absence of exogenous AGE
(see Table 5).

In the first experiment. AGE-alb (235 mg/kg, 1v) or
albumin (235 mg/kg, iv) was administered 2 hours before
severing the right middle cerebral artery. In some anirals,
aminoguanidine (450 mg/kg. iv) was given with the AGE-
alb infusion. As shown in Table 5. aminoguanidine pre-
vented the AGE-alb mediated increase in stroke size as
compared to AGE-alb administered alone. These data sug-
gested that aminoguanidine interferes with the cascade of
cytotoxic effects elicited by AGEs in the ischemic penum-
bra.

The next experiment addressed whether aminoguanidine
protects against neuronal death., even in the absence of
exogenous AGEs. Accordingly, three groups of animals
were studied: one received aminoguanidine (160 mg/kg. ip).
30 minutes prior to severing the right middle cerebral artery;
another received aminoguanidine (160 mg/kg. ip) 15 min-
utes after artery severing; and the third group received saline
(3 mli/kg, ip) 30 minutes before artery severing. As shown in
the table, animals treated with aminoguanidine had signifi-
cantly decreased infarct size (1.3130.6%) compared to saline-
treated controls (6.0320.7%. p<0.05). The protective effect of
aminoguanidine was significant even when aminoguanidine
was given after severing the artery (1.210.4%).

Because a number of physiological responses have been
implicated in mediating stroke size after cerebral artery
occlusion, we next explored whether aminoguanidine
altered blood pressure. heart rate. blood glucose. pH. or
oxygen and carbon dioxide tensions at 30 minute intervals
before and after stroke. Statistical amalysis revealed no
significant differences between groups suggesting that ami-
noguanidine does not exert its cfiects by altering these
physiological parameters. When considered together, these
data suggest that the presence of aminoguanidine in the
ischemic penumbra may reduce the size of focal cerebral
infarction. Likewise, aminoguanidine and its analogs may be
used to limit reperfusion injury and other ischemic injury to
heart. bowel or other organ or tissue.
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TABLE 5

AMINOGUANIDINE ATTENUATES FOCAL STROKE

STROKE
SIZE
(1% p < 05
HEMISPHERE Vs,
EXPERIMENT GROUP n INFARCTED) CONTROLS
I Control 6 bt 2% —
(30 min. left (Albumin)
carotid occlusion) AGE-Albumin 6 54+ 20% Yes
AGE-Albumm + 6 1.2 + .53% No
Aminoguantdine
I Control (Saline) 6 6.0 1 .7% —
(60 min. left Ammoguanidine 6 1.3 + .6% Yes
carotid occlusion) (30' pre-sever)
Amnoguanidine 5 1.2 + 4% Yes

{15 post-sever)

EXAMPLE 11

By this experiment, it was determined that AGE-modified
proteins or peptides are neurotoxic factors that amphify the
volume of permanent damage and necrosis following focal
cerebral ischemia. The results presented here show that
administration of AGEs in clinically relevant amounts con-
verted a typically small cercbral infarction following experi-
mental occlusion of a middle cerebral artery into a signifi-
cantly larger stroke. The magnitude of AGE neurotoxicity
depended on the dose of AGEs administered., and the titming
of administration.

MATERIALS AND METHODS

Bovine serum albumin (BSA) (Fraction V. low
endotoxin), glucose, and 2.3.5-tripenyltetrazolium were pur-
chased from Sigma (St. Louis, Mo.). Aminoguanidine was
provided by Alteon Inc. (Ramsey, N.J.). All animal protocols
were reviewed and approved by the Institutional Animal
Care and Use Committee as conforms with the recommen-
dations of the National Institutes of Health. AGE-modified
bovine serum albumin (AGE-BSA) was prepared by a
modification of previously described methods (52-54);
endotoxin content was measured by Limulus amoebocyte
assay (E-toxate, Sigma) and found to be <0.2 mg/mi. AGE
content in samples and in serum was assessed by ELISA
(35.36). The AGE-BSA (65 AGE U/ml) employed in these
studies was prepared at a final concentration of 30 mg/ml in
PBS.

Animal model of focal middle cerebral artery infarction.

Focal cercbral ischemia was induced by modification of
previously described methods (55-58). Briefly, maie Lewis
rats, 270-300 g. were given food and water ad libitum before
and after surgery. Animals were anesthetized with ketamine
(120 mg/kg i.m.), allowed to breathe spontancously, and
body temperature maintained at 35.5°-36.5° C. with a
heating blanket. The ventral neck and the area between the
right eye and ear were shaved. and the left common carotid
artery exposed through a midline ventral cervical incision.
The vagus nerve was preserved, and a loop of 4-0 sik
placed around the artery for future manipulation. Next, the
right common carotid artery was exposed and permanently
occluded by double ligation with 4-0 silk. In some experi-
ments (where indicated) the right common carotid artery
was cannulated with polyethylene tubing connected via a
pressure transducer to an oscilloscope for recording mean
arterial pressure and heart rate. Arterial blood was also
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obtained for serial measurements of arterial pH, oxygen and
carbon dioxide tensions, hematocrit, and glucose.

A microsurgical craniotomy was performed via a 1 ¢cm
right scalp incision made orthogonal to the line joining the
external auditory canal and the lateral canthus of the right
eye. The temporalis muscle was excised to expose the
temporal bone and the zygoma. With the aid of the dissect-
ing microscope, the right middle cerebral artery was exposed
through a 2 mm burr hole drilled approximately 2 cm rostral
to the fusion of the zygoma with the temporal bone. Drilling,
performed under a continuous drip of normal saline to avoid
transmission of heat to the underlying cortex. continued
until a thin shell of bone remained. This bone was carefully
removed with a micro-hook and micro-forceps to avoid
injury to the underlying structures. The right middle cerebral
artery (MCA) was exposed by cutting the dura with a 30
gauge necdle in a location approximately 1 mm from the
rhinal fissure. The right middle cerebral artery was elevated
from the cortical surface using a micromanipulator and a 20
micron tungsten wire hook, and an electrocautery tip was
gently applied to the hook. The application of heat quickly
cauterized and severed the artery which fell back to the
corteX with no underlying cortical injury. Surgical gelfoam
was placed over the craniotomy detect and the skin was
closed with a running vicryl suture. Within 5 minutes of
severing the right middle cerebral artery, the left common
carotid artery was temporarily occluded for 30 minutes; the
neck incision was then closed with a running vicryl suture
and the animals returned to their cages tor 24 hours with free
access to food and water. After surgery. animals were
somewhat clumsy but were able to walk, eat and drink.

Measurement of infarct volume. Infarct volume was mea-
sured using tetrazolium dye as prevmusly described
(55-58). Briefly. 24 hours after MCA severing. animals were
anaesthetized and decapitated. Brains were quickly removed
without perfusion and sectioned in the coronal plane at 1 mm
intervals with a brain slicer. Slices were immersed and
incubated in 2,3.5-triphenyltetrazolium (TTC) (2% in NaCl,
154 mM) for 30 minutes at 37° C. in the dark to stain for
mitochondrial dehydrogenase activity. Brain infarctions
were visualized as arecas of unstained {(white) tissue which
were easily contrasted with adjacent viable tissue which
stained red. Stained brain sections were then placed in
buffered 10% formalin, photographed, and infarct area in
each slice determined by planimetry on projected images of
the brain slices. Infarct volume expressed as a percentage of
the right hemisphere volume was calculated by the equation:
[sum of infarct areas from all sections of a given animal}x
{ sum of total right hemisphere area from the same sections)
“'x100. In separate experiments. the volume of infarct
determined by TTC staining was verified by histological
analysis of serial brain sections stained with hematoxylin
and eosin. Data were analyzed by a factorial analysis of
variance.

Measurement of regional cerebral blood flow. Cerebral
blood flow was measured using microspheres (59.60).
Briefly, rats were anesthetized with ketamine and the femo-
ral artery cannulated with PE-50 polyethylene tubing (Clay
Adams, Parsippany, N.J.). Animals received BSA or AGE-
BSA by intravenous injection into the tail at the doses and
times indicated. The right middle cerebral artery was

exposed and severed as outlined above. Thirty minutes later
141 Ce-labeled microspheres (15 pym) were administered into
the left ventricle of the heart as a suspension (300.000-400.

000/ml in dextran 10%; 0.3 ml per injection) via a 23 gauge
needle connected to PE-50 polyethylene tubing. The micro-
spheres were infused over 20 seconds. and simultaneously a
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reference arterial blood sample was withdrawn from the
femoral artery catheter at a rate of 400 pl/minute for one
minute. The anesthetized rats were then decapitated, the
brains removed, cut into 1 mm thick slices in the brain slicer.
and the hemispheres separated. The slices from right and left
hemispheres were then placed into tared counting tubes.
weighed, and the radioactivity counted in a gamma counter.
Cerebral blood flow to the ischemic penumbra was calcu-
lated from the equation: cbf=|(reference blood withdraw
rate. ml/min)(cpm in hemisphere)]|(hemisphere weight)
(cpm in reference blood)| ™.

Results

Serum AGE clearance following administration of exog-
enous AGE-BSA. It has recently been reported that circu-
lating AGE levels are elevated in diabetic patients (61.62.
36). but the influence of elevated serum AGEs on the
pathogenesis of cerebral infarction is unknown. As an initial
step in establishing an animal model where the neurotoxic
effects of elevated circulating AGE:s levels could be directly
assessed, the serum clearance of AGEs in rats given exog-
enous AGE-BSA was examined. Lewis rats received AGE-
BSA (235 mg/kg) as a bolus injection via a surgically
implanted carotid artery catheter. Total serum AGE levels
were determined by ELISA on serum samples obtained at
10, 30. 60. 120. 180 and 240 minutes after AGE-BSA
administration. Peak AGE levels (120+11 U/ml; mean % s.€.,
n=4 animals per group) were detected 10 minutes after
administration. Within 120 minutes. circulating AGE levels
had fallen to baseline (203 U/ml); serum half-life was
estimated to be 60 minutes.

Neurotoxic effects of AGEs during focal cerebral
ischemia. Animal models of middle cerebral artery occlu-
sion have been widely used for the study of stroke because
they closely mimic the effects of focal stroke in man (53,03).
In the present model, the middle cerebral artery was micro-
surgically interrupted just distal to the lenticulostriate
vessels, thereby limiting the zone of infarction to the cortex.
Initially, the neurotoxic effects of AGE-BSA administered
intravenously 30 minutes prior to microsurgically interrupt-
ing the middle cerebral artery was studied. FIG. 135 displays
graphically a typical infarction in a control and an AGE-
treated animal. Systemically administered AGEs were mark-
edly neurotoxic. as evidenced by significantly larger infarct
volumes in AGE-treated animals (AGE-BSA=3.2%£1.1%) as
compared to BSA-treated controls (BSA=0.610.2%;
p<(0.05). The neurotoxic effects of AGEs in this model were
readily apparent as increased areas of infarction present on
comparable stereotactic brain sections (FIG. 15). Moreover.
AGE administration caused the zone of infarction to extend
over a larger number of stereotactic brain sections (FIG. 185).

Experiments to bracket the time course of the neurotoxic
effects of AGE-BSA in this model were performed. Admin-
istration of AGE-BSA two hours before cutting the artery
caused a significant increase in infarct volume (5.4%+2.0%;
P<0.05 versus controls) (FIG. 16a). Stroke volume was also
significantly increased by AGE-BSA administration 30 min-
utes prior to cutting the artery. The stroke-enhancing effects
of AGEs were not observed however, when the AGE-BSA
was administered either twenty-four hours prior to cutting
the artery, or 30 minutes after the artery was cut (FIG. 16a).
These results give evidence that the neurotoxicity of a single
does of AGEs, systematically administered in conjunction
with focal cerebral ischemia. is a temporally restricted event,
occurring when circulating AGE levels are increased imme-
diately prior to the interruption of cerebral blood flow.

Separate experiments were performed to evaluate the
relationship of AGE dose to the volume of resultant cerebral

10

15

20

25

3C

35

45

30

h b

63

38

infarction. As a control for both total injectate volume and
total quantity of albumin delivered, all animals received
equal amounts of total albumin (235 mg/kg). Two hours
before the middle cerebral artery was microsurgically
divided. control animals received BSA only, but experimen-
tal animals received AGE-BSA mixed with BSA. As shown
in FIG. 16b. the neurotoxic effects of AGE-BSA were
dose-related. with larger doses of AGE-BSA causing larger
cerebral infarctions. Considered together. these data indicate
that exposure to elevated serum AGE levels just prior to
cessation of cerebral blood flow results in larger strokes, the
size of which is ultimately dependent upon the dose of AGEs
administered. and the timing of AGE administration.

Effects of AGE administration on physiological param-
eters. A number of physiological parameters are known to
correlate with an increased volume of cerebral infarction in
this model of focal stroke. For instance, a fall in biood
pressure predictably reduces cerebral perfusion in the col-
lateral vessels perfusing the zone of ischemia and thereby
increases infarct volume. Other parameters which increase
stroke size in this model are: bradycardia. hyperthermia.
hyperglycemia, hypoxia. acidosis, and hypercarbia. The
effect of AGEs on these parameters was measured in a
parallel group of animals in order to determine whether the
neurotoxic effects of AGEs were attributable to AGE-
mediated changes in these physiological parameters.

Animals received ecither AGE-BSA (experimental) or
BSA alone (control) two hours before the middle cerebral
artery was severed. Physiological parameters were measured
at baseline (before the administration of BSA or AGE-BSA),
again when the middle cerebral artery was cut (t=0), and at
intervals thereafter as shown in Table 6 below. In agreement
with previous experience with this model, animals in both
the control and AGE groups developed a transient decrease
in blood pressure and heart rate immediately after the middle
cerebral artery was occluded; these temporary effects nor-
malized within one hour. None of the physiological param-
eters were noticeably affected by administration of AGE:s,
and no statistically significant differences were observed
between AGE-BSA and BSA alone (P>0.03. Table 6). These
data suggest that the neurotoxicity of AGE-BSA is not
mediated through changes in blood pressure or blood chem-
istry.

Effects of AGEs on regional cerebral blood flow. Blood
flow to the ischemic cerebral cortex is derived from collat-

eral blood vessels that are patent after blood flow through the
occluded cerebral artery has ceased. Neuronal survival 1n the

ischemic region is critically dependent upon the rate of
regional cerebral blood flow from these collateral vessels,
and any reduction of regional blood flow results in larger,
more damaging infarctions (64.65). Cerebral blood flow is
regulated in part by nitric oxide (NO). a potent vasodilator
that is produced in the blood vessel wall, and it is implicated
in the mediation of increased regional blood flow (66.67).
Previously, it has been shown that chronic, repeated admin-
istration of AGE-BSA chemically inactivates the vasodila-
tory activity of NO in the systemic regulation of blood
pressure, probably by local quenching (52, 24). Based on
these observations, it is plausible in the present study that
AGEs might diminish cerebral blood flow by inactivating
NO in collateral cerebral vessels.

Experiments were performed to measure the effects of
AGEs on regional cerebral blood flow in this model. As
shown in Table 7. microsurgical interruption of the middle
cerebral artery in BSA-treated controls reduced cerebral
blood flow to a level that was 74% of the intact contralateral
hemisphere. Surprisingly, rather than the predicted decrease,
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it was found that the administration of AGEs actually
increased absolute cerebral blood flow in both the normal
and infarcted hemispheres. Administration of AGE-BSA did
not change the proportional reduction of cerebral blood flow
between the intact and the infarcted hemisphere (Table 7).
Since blood pressure was not altered (Table 6), these results
suggest that administration of AGE-BSA mediated vasodi-
lation of cerebral resistance vessels with a resultant increase
in cerebral blood flow. Thus, the observed neurotoxic effects
of AGE-BSA were not simply attributable to the inhibition
of NO in cerebral vessels.

Neurotoxic effects of AGEs are inhibited by aminoguani-
dine. AGE-peptides may be removed from the circulation
via at least three pathways: i) interaction with cellular
binding proteins or receptors; ii) clearance by the kidneys,
and i11) by entering the extravascular space and chemically
reacting with basement membrane proteins. Aminoguani-
dine inhibits the accumulation of exogenously administered
AGE:s 1n the subendothelium and attenuates the pathological
effects of AGE:s in tissues. An experiment was performed to
assess whether aminoguanidine would also attenuate the
neurotoxic effects of exogenously elevated serum AGEs in
the present focal stroke model. Aminoguanidine treatment in
conjunction with exogenous AGEs reduced total cerebral
infarction volume by 78% as compared to AGE-treated
controls that did not receive aminoguanidine (FIG. 17). The
dose of aminoguanidine in this experiment did not signifi-
cantly reduce the AGE-mediated increases of regional cere-
bral blood flow observed in either the infarcted hemisphere
or the intact hemisphere (Table 7).

In summary, the present results give evidence that AGEs
can be a neurotoxic factor that significantly determines
infarct volume following focal cerebral ischemia.
Aminoguanidine, an inhibitor of AGE-protein cross-linking.
attenuated this AGE-mediated increase in stroke volume.
These results indicate that therapeutics agents for diabetic
stroke may be rationally based either on preventing AGE
accumulation in serum and tissues during diabetes and
aging. or on inhibiting AGE-mediated neurotoxic pathways.

TABLE 6
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TABLE 7

EFFECTS OF AGES ON REGIONAIL. CEREBRAL BLOOD FLOW
ALL DATA ARE EXPRESSED IN MIL/MIN PER

100 GRAMS TISSUE (MEAN + SE)

Left Right Ratio of
Hemsphere Hemisphere Infarct/Intact
Group (n = 4) (Intact) {Intact) {%)
BSA 66 + 5* 48 1 3* 13
AGE-BSA 111+ 6 86+ 5 77
AGE-BSA + Aminoguanidine 01 +11 6316 60
*P < 0.05 versus AGE-BSA
EXAMPLE 12

To further ascertain the mechanism by which aminoguani-
dine functions as a neuroprotectant by modulation of the
infarct size in stroke, the folowing experiment was con-
ducted. In this study, Lewis rats (250-400 g) were anesthe-
tized with ketamine and subjected to stereotactic injections
of the biogenic polyamine spermine (SPM) in to the right
parietal cortex and an equal volume (2 pl) of normal saline
vehicle (NS) at a corresponding location in the left parietal
cortex. Forty-eight hours later, the brain was sectioned into
I mm coronal slices, stained with 2% tetrazolium red (30
minutes, 37° C.), and areas of necrosis determined by
planimetry. The resulting area of necrosis produced by SPM
25 pg (5.00£1.67 mm’, n=6) was significantly larger than
that produced by NS alone (0.1040.08 mm”, n=10) (P<0.05,
ANOVA). To assess whether the coadministration of ami-
noguanidine (AG) might attenuate the neurotoxicity of
SPM., rats received an injection containing a mixture of SPM
25 pg and AG 80 pg into the right hemisphere; the resulting
volume of necrosis (0.70 0.44 mm?>, n=4) was significantly
smaller than that produced by SPM 25 pg alone (P<0.05,
ANOVA)., These data indicate that SPM is neurotoxic when
injected directly into the cerebral cortex and that AG pro-
tects against this neurotoxicity, thus resulting in modulation

EFFECTS OF EXOGENOUS AGE-BSA ON PHYSIOLOGICAL PARAMETERS
*DATA ARE MEAN i S.E.; N = 46 PER GROUP

TIME AFTER MIDDLE CEREBRAL ARTERY OCCLUSION (MINUTES)
GROUP BASELINE 0 30 60 120
Control (235 BSA)
MABP (mm HG) 1105+59 960+22 853+50 925+56 960+23
pH 733101 733+.01 735101 734+.02 734102
pCO, (mm Hg) 454+10 451117 447+20 389+14 405+18
PO, (mm Hg) 11521 139 904 27 792193 1003+ 144 77.61 110
Het (%) 41 + 1 42+1  39+1] 39 + 1 40t 1
AGE (235 MG/KG AGE-BSA)
MABP (mm Hg) 1025 1t25 863+t28 840141 101.511.0 1060+ 3.6
pH 732+ .01 732+.01 732+01 733+01 736z 0l
pCO, (mm Hg) 470+18 428123 433119 381110 383119
pO, (mm Hg) 985+90 926+50 905+50 913+1 95.3 + 8.3
Hct (%) 40 + 1 39+2  38+1 36+ 1 38 + 1

*Differences between BSA and AGE-BSA were not significant (P > 0.05).

65

and inhibition of infarct size resultant from polyamine
damage in stroke.

The following publications rclate generally to advanced
glycosylation endproducts and the reactions in which such
products are involved.
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This invention may be embodied in other forms or carried

out in other ways without departing from the spirit or
essential characteristics thereof. The present disclosure is
therefore to be considered as in all respects illustrative and
not restrictive, the scope of the invention being indicated by
the appended claims. and all changes which come within the
meaning and range of equivalency are intended to be
embraced therein.

What is claimed 1s:

1. The method for the treatment of stroke. which method
comprises administering a stroke-ameliorating or stroke-
inhibiting amount of an agent selected from the group
consisting of aminoguanidine, an analog of aminoguanidine,
and mixtures thereof, capable of averting the occurrence, or
beneficially limiting or reducing the size and severity of an
ischemic infarct.

2. The method of claim 1, wherein said analog is selected
from the group consisting of hydrazine derivatives of the
formula:

Rj
l
R—N—NH,

wherein R is a group of the formula

and
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R, is hydrogen or a lower alkyl group of 1-6 carbon
atoms. a hydroxyethyl group. or together with R, or R,
may be a lower alkylene bridge of 2—4 carbon atoms;

R, is hydrogen. amino, hydroxy. a lower alkyl group of
1-6 carbon atoms. or together with R, or R, 15 a lower
alkylene bridge of 2—4 carbon atoms: R, may also be an
aminoalkylene group of the formula

- (CHZ)n _II"I - R-!S
R7

wherein n is an integer of 2-7 and R and R, are indepen-
dently a lower alkyl group of 1-6 carbon atoms or together
form a part of a cycloalkyl or heterocyclic ring containing
from 1 to 2 heteroatoms, of which at least one is nitrogen;
and the second of said heteroatoms is selected from the
group consisting of nitrogen. oxygen. and sulfur; with the
proviso that when the second of said heteroatoms of the
heterocyclic ring is nitrogen and forms a piperazine ring; it
may be optionally substituted by a substituent that is iden-
tical to the portion of the compound on the first nitrogen of
the piperazine ring;

R, is hydrogen. a lower alkyl group of 1-6 carbon atoms,
or together with R, or R, is a lower alkylene bridge of
2—4 carbon atoms;

R, is hydrogen, a lower alkyl group of 1-6 carbon atoms
or together with R, or R; is a lower alkylene bridge of
2-4 carbon atoms; or an amino group;

R is hydrogen, or a lower alkyl group of 1-6 carbon
atoms; with the proviso that at least one of R, R,. R;,
R, or R, is other than hydrogen; or R is an acyl or a
lower alkylsulfonyl group of up to 10 carbon atoms and
R, is hydrogen; and their pharmaceutically acceptable
acid addition salts.

3. The method for the inhibition of stroke infarct size
resultant from polyamine damage which comprises admin-
istering a neuroprotectant amount of an agent capable of
limiting or reducing the size and severity of an ischemic
infarct wherein said agent is aminoguanidine, or a pharma-
ceutically acceptable salt thereof.
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